Vol. 221 No. 4 APRIL, 1951 No. 949 


THE AMERICAN JOURNAL 
Ok THE MEDICAL SCIENCES 


S. PAT. OFF, 
‘ 981 20 


Editor 
RICHARD A. KERN, M.D. 


Issociate Editor Assistant Editor 


THOMAS M. DURANT, M.D. CHRIS J. D. ZARAFONETIS, M.D. 

W. Lloyd Aycock Frank B. Block Franklin G. Ebaugh John E. Gordon R. HL. Morgan 

Carl Bachman George E. Burch = Cary Eggleston David M. Gould k.G.D. Murray 

Herman Beerman Stuart K. Bush Noah D. Fabricant) R. Ingraham, Jr. 1. Ravdin 

Wm. L. Benedict G. Lyman Duff Harry Gold C. G. Johnston John H. Stokes 
Hl. P. Wagener Irving J. Wolman 


The Laboratory Diagnosis of Hyperthyroidism. By J.D. Harpy, M.D.,andC. Ph.D. 359 
Gastric Secretory Response to Insulin Hypoglycemia. By Paut R. Suaricx, M.D., and 


DARRELL A. M.D. 364 
Vitamin D Intoxication. By HuGu Cuariuin, M.D., Lincotn D. Ciark, M.D., and 

Marian W. Ropes, M.D. 369 
The Serum Lipids in Lipemia Retinalis. By C. Carracno, M.D., and 

\. Sreicger, M.D 379 


The Réle of the Ketone Bodies in the Etiology of Diabetic Coma. by Prerer Fisuer, M.D. 384 


Combined Salicylate and Para-Aminobenzoic Acid (Pabalate") in the Treatment of Rheu- 
matoid Arthritis. By Josern L. HoLLANbEeR, M.D., and T. N. Harris, M.D. 398 


Correlation of Erythrocyte Sedimentation Rates as Determined by the Rourke-Ernstene and 
by the Wintrobe-Landsberg Methods. By kpwarp A. Manoney, Jr., M.D., Jane 


Worcester, Ph.D., and Benepict F. Masseii, M.D. 402 
Relation of Sodium Chloride Depletion to Urine Excretion and Water Intoxication. By 
R. Brisro., M.D. 412 
An Evaluation of the Cuirass Respirator in Acute re Ki with Respiratory Insuf- 
ficiency. By Frep Pium, M.D., and Dantet 8S. Lukas, M.D 417 
Clinical Implications of Pressures Used in the Body Respiratory. By James V. MALOoNey, 
Jr., M.D., and James L. WuirrenBerGer, M.D. 425 


Mitral Stenosis Without Clinically Demonstrable Left Auricular Enlargement. By SanrorD 
Pariser, M.D., Jack Zuckner, M.D., Henry K. Taytor, M.D., and J. 


MessinGer, M.D. 431 
Febrile Reactions to Quinidine. By Wituiam H. Srimson, M.D., and Vacror A. 
MecKusick, M.D. 440 
The Réle of the Liver on the Detoxification of Tetraethylthiuram Disulphide (Antabuse). 
By M. Boyp, M.D., and Carouine J. B.A. 444 
Hemolytic Anemia Associated with Liver Disease. By (irorcge A. Hyman, M.D., and 
Souruwortnu, M.D. 448 


Progress of Medical Science 


Oto-Rhino-Laryngology. Noau D. Fasricant, M.D. 457 

Dermatology and Syphilology. Joun H. Srokes, M.D., Herman Beerman, M.D., and Nor- 
MAN R. InGrAnAM, Jr., M.D. 462 
Proceedings of the Physiological Society of Philadelphia 470 


Complete contents on adv. page 10 


OWNERS AND PUBLISHERS LEA & FEBIGER PHILADELPHIA 6, PENNA. 


copyricnt, 1951, BY LEA & FEBIGER. ALL RIGHTS RESERVED. ENTERED AS SECOND-CLASS MATTER NOVEMBER 5, 1SS7 
AT THE POST OFFICE AT PHILADELPHIA, PA. UNDER THE ACT OF MARCH 3, 1879 


PUBLISHED MONTHLY. SUBSCRIPTIONS, TEN DOLLARS A YEAR 


ta 
| 
3 
> 
| 
im 
\ 
y 
ot 
ell 
he 
nd 
ck 
nd ace 
le. 


ROVE it yourself with HEPVISC. The ideal 
Vasodilator in the treatment of vascular 
hypertention. 


Clinical studies and pharmacological tests of 


HEPVISC indicate: 


GRADUAL REDUCTION 
PROLONGED ACTION 
THERAPEUTIC SAFETY 


HEPVISC is a synergestic combination of 
hexanitrate of mannitol and viscum album 
extract. 


An ideal therapeutic product in reducing 
blood pressure. 


Supplied in bottles of 


COMPOSITION 
Each tablet contains 8 
mg. hexanitrate of man- 
nitol and 50 mg. solid 


extract viscum album. 


DOSAGE 
2 tablets three or four 


times daily as needed. 


50-500-1000 tablets 


Available at All Drug Stores 


Samples and complete literature sent to physicians on request 


ANGLO-FRENCH LABORATORIES, INC. 


75 VARICK STREET, NEW YORK 13, N. Y. 


( 
AD 
UA l 
7 
. : 
5 | 
e 
. 
ag 
| 
e 
e 
‘ 
e 
e 
| 
— 
_ 


THE AMERICAN JOURNAL OF THE 


MEDICAL 


SCIENCES 


APRIL, 1951 


ORIGINAL 


ARTICLES 


THE LABORATORY DIAGNOSIS OF HYPERTHYROIDISM: 


A Practical Analysis of Current Methods, with Presentation of Illustrative Cases 
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THE quantitative diagnosis of hvy- 
perthyroidism is based on laboratory 
techniques. While extremes of thvroid 
function are readily recognized clini- 
cally, the majority of thyrotoxic patients 
have only mild or moderate overac- 
tivity, and it is in the management of 
this group that the chemical ‘ond phys- 
ical techniques recently developed have 
been most rewarding. The purpose of 
the present re port is to examine criti- 
cally the advantages and disadvantages 
of these several methods. 

The following are laboratory tech- 
niques which have proved useful: 1. 
The basal metabolic rate (BMR). 2. 
The protein bound iodine level of 
serum (PBI)*1*:13.14, 3. The uptake of 
radioactive iodine by the thyroid 
gland®*"1° 4. The rate of conversion 
of radioactive iodine into iodine bound 

V protein*, 

THe Merasnouic Rate. The 
determination of the BMR, while not 


the most accurate or reliable method 
of measuring thyroid activity available, 
is certainly the most widely used. The 
test is easily, quickly and inexpensively 
pe formed by a technician in the phy- 
sician’s office. The equipment is com- 
pact, standardized, and lends itself to 
mass production. Nevertheless, it has 
several disadvantages. The most serious 
of these is that the t test is only partially 
objective. Even when such ‘conditions 
as a perforated ear drum, an ill-fitting 
mouthpiece or oxygen leaks in the sys- 
tem have been rele d out, the patient 
may find it impossible to achieve a 
truly basal condition. Benedict*® has 
shown that an emotional disturbance 
may cause a marked increase in the 
BMR which may not subside for sev- 
eral days. The BMR may be performed 
under pentothal anesthesia as a means 
of securing basal conditions, but this 
is often not feasible. 

A repeatedly normal BMR will rule 
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out hyperthyroidism in all but the 
very exceptional case, but a persistently 
elevated rate does not nece ‘ssarily mean 
that the patient has thyroid overac- 
tivitv. There are numerous other con- 
ditions which may be associated with 
an increase in the basal metabolic rate. 
Among these are acromegaly, leu- 
kemia, essential hypertension, certain 
drugs, pregnancy, fever 
from anv polycythemia vera, 
and the administration of thyroid hor- 
mone. Since at times it may be impos- 
sible to exclude all these conditions, 
the of the BMR ap- 
parent. 

PROTEIN BOUND LEVEI 
SERUM. Since iodine was known to be 
an important component of the thv- 
roxine that 
the total blood iodine level might serve 
as a reliable index of thvroid function. 
but this did not prove to be the case. 
Total blood 
affected by 
element. 


infections, 


limitations are 


LODINE OF 


molecule, it was reasoned!* 


iodine found to be 
y the daily intake of this 
and the correlation between 
the total blood iodine level and the 
level of thvroid activity was not de- 
pendable. However, Bassett, Coons and 
Salter? fractionating the 
iodine of serum its 
and organic components, 
organic component 
exhibit a reliable direct correlation 
with the level of thyroid activity. 
This organic fraction has since 
been shown to represent the iodine 
of thyroxine and related compounds 
circulating in the blood stream. A care- 
fully performed serum protein bound 
iodine determination is possibly the 
most accurate single measure of thy- 
roid activity available, provided the 
patient has not rece ntly received iodine 
compounds or thyroid hormone. It has 
the advantage of being a more objective 
determination than the BMR and 
not affected by the numerous condi- 
tions that render the BMR unreliable. 
We have found the normal serum pro- 


Was 


succeeded 
inorganic 
and_ the 
was found to 


is 
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tein bound iodine level to range from 
3.0 to 6.0 meg. 100 ce. of serum’, 
and this agrees well with that obtained 
by other laboratories 
method*!*'4, Values above 
indicate thyrotoxicosis; 
this range are found in myxedematous 
adults and in cretins. A real disadvan- 
tage of this method, is that 
it is a laborious chemical analysis that 
demands the time of a competent tech- 
the intake of iodine 
form renders the 


per 
using the same 
this range 


values below 


howey 


nician. In addition. 


in any test suspect 


for a period of weeks or months, 
depending upon the compound in 
question. As an extreme example, the 


instillation of lipiodol for broncho- 
oa iphy may cause a spurious elevation 
of the serum PBI level for as long as 
15 months!!. Nevertheless, if the serum 
PBI level is within normal limits, the 
patient almost certainly does not have 
thyrotoxicosis. This the test 
superior to the BMR in this connection 
since a patient with a BMR of 15 
may previously have had a BMR of 
thyroid 


Whe ike 


15, an increase in activity 
of 30 points for this particular in- 
dividual. 

Uptake or RapioactiveE IODINE BY 
tHE Tuyrow GLaNnp. The availability 
of the radioactive isotope of iodine 
enabled Hertz, Roberts and Salter’. 
and Hamilton® to employ the well 
known avidity of the thyroid gland 


for iodine as a measure of the level of 
thyroid activity. They 
a direct correlation between the func- 
tional state of this organ the 
amount of radioactive iodine stored 
there over a definite period of time. 
The normal range of uptake in humans 
was found to be between 10 and 407 
An uptake in excess of 50% was held 
to be specific for thyroid hyperactivity 
but there was a slight overlap be tween 
the euthvroid and hyperthyroid pa- 
tients. This test of thyroid function is 
now emploved extensively in the larger 
clinics of this country and represent 


demonstrated 


and 
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a notable advance in our ability to 
diagnose thyroid disease. 

The most serious deterrent to the 
general use of radioactive iodine is 
the somewhat elaborate and expensive 
apparatus required. The hospital must 
have available trained personnel, pro- 
tective equipment, and instruments for 
measuring radioactivity. Many smaller 
institutions cannot afford these facil- 
ities. Aside from the expense involved 
in the use of the isotope, the uptake of 
radioiodine is affected by recently ad- 
ministered inorganic iodine and_ thi- 
ouracil compounds. Thyrotoxicosis re- 
sulting from the ingestion of thyroid 
hormone will not be detected by this 
method. Finally, if the goiter is partial 
intrathoracic the uptake of radio- 
active iodine cannot be determined ac- 
( urately. 

Conversion Rario. During a series 
of investigations employing radioiodine 
as a tracer in the study of thyroid 
physiology, Chaikoff, Taurog, and 
Reinhardt' found that the rate of 
incorporation — of radioactive iodine 
into protein by the thyroid was_ in- 
creased in rats and guinea pigs injected 
with thyrotropic stimulating hormone. 
These workers suggested that the rate 
of conversion of radioactive iodine into 
thyroxine might be used to measure 
thvroid activity. Clark, Moe and 
Adams,° found that the conversion 
ratio ranged from 13 to 40% in normal 
man. Those patients in whom the con- 
Version ratio was 50% or greater were 
considered to have thyroid hyperac- 
tivity. We have obti tined similar re- 
sults in our laboratory’. If the 
conversion ratio has a definite advan- 
tage over the uptake of radioactive io- 
dine as a measure of thyroid activity 

and this is not vet fully established ) 

lies in the fact that the conversion 
ratio measures the actual rate of thy- 
roxine formation and is not affected by 
the anatomical location of the thyroid 
tissue. 
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General Discussion and Illustrative 
Cases. It would be erroneous to imply 
that any one test of thyroid activity 
should ‘be used to the exclusion of 
all others. On the contrary, the various 
procedures supplement one another. 
There are occasional patients in whom, 
if only one method is used, it is ex- 
tremely difficult to determine whether 
thyroid disease is responsible for the 
increased metabolism observed. In 
these patients a combination of tests 
is most useful. For example, the over- 
activity of an intrathoracic goiter 
would not be diagnosed by a measure 
of the radioiodine uptake. The BMR 
would not be dependable if the goiter 
were large enough to cause dyspnea 
by tracheal compression. However, it 
might be evident from the increased 
conversion ratio and the elevated se- 
rum protein bound iodine level that the 
goiter was toxic. 

Factitial hyperthyroidism due to the 
ingestion of excessive amounts of thy- 
roid hormone would not be detected 
by a measure of the radioiodine uptake 
or by the conversion ratio alone, but 
it would be diagnosed when these 
studies revealed normal values in the 
presence of an increased serum pro- 
tein bound iodine level and an elevated 
BMR. The following cases illustrate 
certain of these diagnostic problems. 


Case 1. This obese 58-year-old white 
woman was admitted for extision of an 
anterior mediastinal mass which was_pre- 
sumed to be thyroid. Though her history 
was not ar indicative of toxicity, 
she exhibited a suggestion of exophthalmus, 
a slight comer of the hands, and mild heat 
intolerance. From the referring physician it 
was learned that the patient had been tak- 
ing 6 grains of thyroid substance daily for 
the past 7 months in an effort to lose weight. 
Thus there arose a difficult diagnostic prob- 
lem concerning the presence of thyroid 
overactivity. Was thyrotoxicosis present and, 
if so, was it due to true overactivity of 
thyroid tissue, or was it due to ingested 
thyroid hormone, or to both? The BMR was 
+39, but this was considered unreliable 
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because of the presence of dyspnea resulting 
from either cardiac failure or tracheal com- 
pression by the mediastinal mass. The uptake 
of radioactive iodine by the intrathoracic 
lesion was demonstrated, but because of its 
anatomical position an accurate estimate of 
its functional activity could not be made. 
The determination of the conversion ratio 
Was unsatistactory due to technical reasons. 
However, the PBI level of serum was 93 
meg. per 100 cc. This established the pres- 
ence of a state of mild thyrotoxicosis, but 
this serum PBI level was considered to be 
compatible with the large dosage of thyroid 
substance which she had been taking. Thus 
while overactivity of the thyroid tissue could 
not be completely excluded, it did not ap- 
pear likely, and this impression was verified 
by her clinical course. Operation was post- 
poned 6 weeks to allow the state of induced 
hyperthyroidism to subside, and the medias- 
tinal goiter was then resected. 


CoMMENT. In this case the BMR was 
rendered unreliable by cardiac disease. 
The uptake of radioactive iodine could 
not be measured accurately because 
of the intrathoracic position of the 
main mass of thyroid tissue and, even 
had this been possible, the test would 
not have indicated the presence of the 
excess of thyroxine derived from the 
ingestion of thyroid substance. Since 
the thyroid cells themselves were not 
hyperactive, the radioiodine uptake 
might well have been normal in. the 
presence of an elevated serum level of 
thyroxine. The conversion ratio would 
have ruled out hyperactivity of the 
goiter, but would not have diagnosed 
the  factitial hyperthyroidism. The 
elevated serum PBI level established 
the fact that the concentration of 
circulating thyroxine was increased, 
and this prompted the taking of a 
more detailed history which led to 
the diagnosis of factitial hyperthy- 
roidism. 


Case 2. This 64-year-old white woman 
was admitted with a nodular goiter which 
had been present for 34 years. Her signs 
and symptoms did not definitely support 
the diagnosis of hyperthyroidism but the 
BMR was +45. The radioiodine uptake was 


23%, a value within the euthyroid range, 
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but the conversion ratio was 55%, indicating 
mild toxicity. A serum PBI level would have 
settled the issue, but the patient had received 
Lugol’s solution. Nevertheless, a clinical trial 
of iodine therapy resulted in a prompt fall of 
the BMKR to within normal limits. 


CoMMENT. This case represents the 
relatively mild type of thyroid over- 
activity often seen in elderly patients 
and previously described under such 
designations as atypical or apathetic 
hyperthyroidism. Here the BMR was 
suspect because of the presence of 
heart disease. The possibility of per- 
forming the test under pentothal anes- 
thesia was considered, but the cardiac 
consultant advised against it. The 
values obtained by the radioiodine 
uptake and conversion ratio were not 
in agreement as to the presence of 
thyroid hyperactivity. The serum PBI 
level was rendered invalid by the ad- 
ministration of Lugol’s solution. A 
therapeutic trial of iodine therapy 
established the diagnosis of hyperthy- 
roidism. 

Case 3. This 30-year-old colored woman 
was admitted with a diffusely enlarged thy- 
roid gland and clinical evidence of thyrotoxi- 
Eight months previously her BMR 
had been 19 and as treatment for sterility 
she had been placed on 2 grains of thyroid 
substance per day, a 
maintained for 7 


COSIS, 


which was 
months almost without 
interruption. At the beginning of this therapy 
her thyroid gland had not been enlarged. 
Two months later, however, she began to 
tire easily and noted that her thyroid gland 
was increasing in size. Her BMR at. the 
time of admission was repeatedly above +60. 
Likewise, her radioiodine uptake was 48% 
and the conversion ratio 69%. The serum 
PBI level was 12.0 meg. per 100 cc. of 
serum, a value well within the toxic range. 
The consensus was that 


dosage 


a mixed type of 
hyperthyroidism was present, and her sub- 
sequent course supported this diagnosis. 


ComMMENT. This case is an excellent 
example of the limitations of a single 
method used alone and is also illustra- 
tive of the value of employing a com- 
bination of diagnostic tests which 
measure different facets of thyroid 
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physiology. That this patient had an 
level of metabolism was 
suggested by the history, physical ex- 
amination, and BMR. That the in- 
creased metabolism was due at least 
in part to an increased level of circu- 
lating thyroxine was established by 
the elevated serum PBI level. This 
last finding, taken together with the 
history of prolonged ingestion of thy- 
roid extract, could easily have led to 
the diagnosis of simple factitial hyper- 
thvroidism. However, the radioiodine 
uptake was 4S¢ and the conversion 
ratio 69%, demonstrating hyperactivity 
of the thyroid cells. Thus the diagnosis 


increased 
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of both factitial and true hyperthyroid- 
ism was made. This was an instance 
in which true thyroid hyperactivity 
developed while the patient was re- 
ceiving thyroid extract. 

Summary and Conclusions. The 
advantages and disadvantages sev- 
eral laboratory methods — currently 
employed in evaluating thyroid activ- 
itv are discussed. 

2. These tests measure different 
facets of thyroid physiology, and thus 
tend to supplement each other. 

Three representative cases illus- 
trating specific diagnostic problems are 
presented. 
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Miany workers have stated that the insulin and low levels of blood sugar. 
insulin test is of dubious value in the Methods. Nine psychotic patients 
evaluation of vagus nerve function in undergoing insulin shock therapy were 
patients having the operation, total studied. Each patient had been receiy 
vagotomy'’'!'*, Others feel that it is ing insulin shock treatments daily for 
a reliable test and that it has a definite approximately 2 months. Insulin dosage 
place in determining the completeness varied between 95 and 310 units of 
of vagotomy’. Similar reports have ap- crystalline insulin administered sub- 
peared concerning gastric motility and cutaneously. The period of study for 
insulin hypoglycemia™’. each patient varied from 4 to 5 hours. 


PABLE 1.—GASTRIC SECRETORY RESPONSE AS INFLUENCED BY DOSE OF INSULIN AND 
DEPTH OF HYPOGLYCEMIA ; 
De 
Bef 
F.A TA 
l 
) Coma ) ) 
240 Coma 22 4) 
u clinical units 
| 
Necheles and co-workers‘ stated that A note of the depth of insulin shock | 
high doses of insulin and low levels of | was made at intervals. Specimens for : 
‘ 
blood sugar caused a depression of blood sugar determinations were drawn 
gastric secretion in dogs in contrast to prior to the administration of insulin 
the expected stimulation. This work® and at 30 minute intervals thereafter. 
has been quoted as one of the factors By means of a Levine tube, the stom- | 
producing false negative results in the ach was emptied and two 15 minute 
use of the insulin test. specimens were withdrawn for con- | 
The purpose of this present paper is trols. For the duration of the test pe 
to evaluate the gastric secretory re- riod, the stomach was emptied every 


sponse as influenced by large doses of 15 minutes, the volume being accurate- 


* Present address: Ann Arbor, Michigan 
364 


Re 
“3 
a 
i 
¢ 
| 
{ 
~ 
4 
j 


GASTRIC 


SECRETORY 


ly measured and sample saved for 
The presence of bile and 
mi acroscopic blood was noted for each 
specimen. 
Blood 


performed 


analysis. 


determinations 
according to the 
Folin-Wu_ technique. 


sugar were 


micro- 


The gastric specimens were titrated 
with 0.1 N sodium hydroxide to an exact 
endpoint of pH 3.5 for free acid and 
pH 7.0 for total acid, utilizing a Leeds- 
Northrup potentiometer. This elimi- 
nated errors inherent in the use of dye 
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TO INSULIN HYPOGLYCEMIA 305 
No correlation was found between 
the depth of hypoglycemia and_ the 
magnitude of gastric acid response. 
A marked response was obtained with 
blood sugars as low as 12, 18 and 15 
mg. per 100 ce. (45, 77 and $2 cu. of 
total acid respectively). The gastric 
secretory response occurred at varied 
levels of blood sugar (range 21 to 49 
mg. per 100 cc.). The secretory re sponse 
occurred between 60 and 75 minutes in 
5 patients, following administration of 
the insulin. Three patients showed 


150 225 
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| / 
\ 165 
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a ic 
> 
70 4 105 
so} 4 7 
‘ 
20. all 30 
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mcsioocc. O z 4 | | | | | | | | | | | 
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The gastric secretory response to insulin hypoglycemia in man as influenced by 


high doses of insulin and low levels of blood sugar. 


indicator endpoints and obviated the 
base neutralizing ability of proteins 
present in gastric juice*:! 

ee Five patients (Nos. 1, 3, 4, 5, 
) showed a marked gastric acid re- 
sponse with an increase in total acidity 
varying between 41 and 82 clinical 
Three patients (Nos. 2, 6, 8) 
showed a slight to moderate increase in 
total acidity of gastric juice (11 to 17 
cu.). One pi atient failed to show free or 
total acid in any of the specimens de- 
spite the blood sugar level varying 
between 24 and 38 mg. per 100 cc. for 

hours. 


units. 


response only after 105, 175 and 210 
minutes. One patient followed — for 
5 hours showed an increase in gastric 
acid only after the blood sugar had 
remained below 55 mg. per 100 ce. for 
2 hours. 

Insulin dosage did not appear to 
affect the acid response of the stomach 
or the depth of hypoglycemia. A 
marked increase in total acidity oc- 
curred following 105, 96, 165, 185 and 
140 units of crystalline insulin. How- 
ever, a 240 unit insulin dosage in one 
patient failed to produce an increase 
in gastric acid. 


SHARICK, 
The average 15 minute volume of 

gastric aspire ate, after the acid response 
re showed a slight to marked 
increase (range 0.7 to 73.6). However. 
many of the specimens contained large 
amounts of blood and bile and the sig- 
nificance of these findings cannot be 
evaluated. 

Six of the patients studied were in 
deep coma for 1 to 2 hours, and all 
showed marked signs of insulin hypo- 


glycemia such as restlessness. muscle 
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of hypoglycemia following the sub- 
cutaneous administration of insulin. 
They found that at blood sugar levels 
of 10 to 23 mg. per 100 cc., 
of gastric motility Their re- 
sults were explaine don the findings of 
Quigley and Templeton® who showed 


inhibition 
occurred, 


that insulin hypoglycemia inhibited 
gastric motility following total va- 
gotomy. They felt that this was due to 


stimulation of the unopposed sym- 
pathetic nervous system. It is believed 


twitching and marked perspiration. that gastric motility and the psvchic 
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by high doses of insulin 


In 5 patients, large amounts of 
hemolyzed and clotted blood were 
present in the gastric aspirate. This 


appeared and showed a progressive in- 
crease in amount, following the onset 
of the gastric secretory response. Simi- 
larly, moderate to large amounts of 
bile were noted in the gastric juice of 
4 patients. 

Discussion. Necheles and co-work- 
ers® showed that in dogs, the motility 
of the stomach varied with the de pth 
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The gastric secretory response to insulin hypoglycemia in man as influenced 


and low levels of blood sugar 


phase of gastric secretion are governed 
by the activity of the vagus nerves 
which are stimulated by insulin hypo- 
glycemia!. It is reasonable to infer. 
therefore. that in motil- 
itv would be reflected in gastric secre- 
tion. Necheles et al. in a subsequent 
publication? found that in dogs ‘ 
stimulation of gastric secretion was 
associated with higher doses of insulin 
and lower levels of blood sugar.” They 
found that severe hypoglycemia de- 
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pressed gastric secretion. However, it 
is significant that their experimental 
animals failed to show subjective signs 
of 

In the present study, high doses of 
insulin and extreme hypoglyce mia did 
not appear to depress the gastric secre- 
tory response. Five patients, despite 
105, 95, 165, 185 and 140 units of 
crystalline insulin and a maximum fall 
of blood sugar to 27, 18, 12, 24 and 15 


TO INSULIN HYPOGLYCEMIA 307 
subjects in this study showed marked 
symptoms of hy pogly cemia ranging 
from restlessness to profound coma. 

The average dose of insulin in these 
Y patients was 2.2 units per kg.; where- 
as Necheles et al.? used 0.5 to 0.7 unit 
per kg. in their animal experiments. 
The difference in their results and those 
recorded in this study may represent a 
species response different in man and 
dogs. 
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hic. 3.—Casr 6: The gastric secretory response to insulin hypoglycemia in man as influenced by 
high doses of insulin and low levels of blood sugar. 


mg. per 100 ce., respectively, showed a 
marked acid response. Three patients 
similarly receiving large doses of in- 
sulin and de veloping low levels of 
blood sugar showed a slight to moder- 
ate increase in gastric acid. The lack of 
acid response in 1 patient, despite a 
period of study for 5 hours and a hypo- 
glycemia of 22 mg. per 100 ce., is un- 
explaine d since circumstances would 
not permit the performance of a triple 
histamine test to determine whether 
the stomach was capable of secreting 
acid. It is important to note that all 


Quigley, Johnson and Solomon’ have 
shown that gastric motility induced by 
insulin hypoglycemia is inhibited fol- 
lowing the injection of adrenalin intra- 
venously. Similar findings have been 
recorded by Wilder and Schlutz', and 
Quigley and Templeton*. It becomes 
readily apparent that the presence of 
an increased amount of circulating 
adrenalin modifies the gastric response 
to insulin hypoglycemia. Cannon, Me- 
Iver and Bliss* have further shown that 
a discharge of adrenalin occurs when 
the blood sugar, after insulin, falls to 
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about 70 mg. per 100 cc. This latter 
fact may account for the depression of 
the gastric secretion that normally oc- 
curs prior to the point of stimulation 
during insulin hypoglycemia. 

In the pertormance of the insulin test 
to determine vagus nerve function of 
che stomach, consideration should be 
given to the possible depressant action 
of circulating adrenalin on the stomach. 
For example, in an apprehensive pa- 
tient or in a patient who is not tube- 
broken, exhibiting overt signs of svm- 
pathetic activity, the possibility of a 
false negative response due to circu- 
lating adrenalin should be considered. 
However, no concern need be had over 
the dose of insulin ordinarily adminis- 
tered in performing the insulin test (15 
to 25 units). Likewise, the depth of 
hypoglycemia attained does not  in- 
Huence the gastric secretory response 
and there is evidence to indicate that 
the lower levels (40 mg. per 100 ce. or 
less) are associated with a more posi- 
tive gastric response. 

Attention should be directed to pro- 
longing the period of observation (up 
to 4 hours) since in 1 patient a response 


REFERE 


TO INSULIN HYPOGLYCEMIA 


was forthcoming only after the blood 
sugar had remained below 55 mg. per 
LOO ce. for 2 hours. 

The insulin test of gastric secretory 
function must be conceded to be ex- 
tremely sensitive, affected oy many 
variables. Proper preparation and cog- 
nizance of interfering factors are es- 
sential to the interpretation of the re- 
sults of the test. In any one patient, 
repetition of the test 2 or more times 
should tend to eliminate many of the 
borderline results so frequently ob- 
tained. The insulin test will have its 
chief value as an experimental test pro 
cedure. Clinical evaluation of a patient 
having total vagotomy will serve as 
the most reliable measure of the com- 
pleteness of vagus section. 


High doses of insulin 


Summary. I. 
and low levels of blood sugar do not 
inhibit the gastric secretory response in 
humans. 

2. The insulin test as employed clin- 
sensitive and af- 
fected by many variables. It chief value 


ically is extremely 


lies in its use as an experimental test 
procedure. 
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During the past 20 years, vitamin 
1) and the irradiated sterols have come 
into wide at time, indiscriminate 
addition to the administra- 


and, 
usage. In 
tion of vitamin D in specific deficiency 
massive doses (50.000 to 1,000- 
000 units daily for periods of days 
to as long as 3 to 4 vears) have been 
used in attempted treatment of such 
conditions as pulmonary and cutaneous 
tuberculosis, various al- 
lergic states, and especii ally rheumatoid 
arthritis! 

Accordingly, 


states 


scleroderma, 


as early as 1930, there 
began to appear in the medical litera- 
ture reports of varving degrees of 
vy from massive administration 
of vitamin D. Observers undoubtedly 
failed to recognize many cases of this 
svndrome; and the paucity of adequate 
chemical and Roentgen-ray data in the 
majority of cases described makes even 
extensive review of the literature but 
an approximate indication of the inci- 
dence and seve rity of hypervitaminosis- 
1). Within the past 20 years, the re have 
occurred at least 5 deaths?*:*4 attrib- 
uted to vitamin D intoxication and 
several more in which this substance 
was implicated as a contributing fac- 
tor®. Data available from a review of 


toxicity 


Harvard Medical School) 


111 cases described in the literature 
are summarized in Table 

It is the purpose of this paper to 
review and reémphasize the clinical. 
chemical, tissue, and skeletal changes 
that occur in the svndrome of vitamin 
D intoxication; to report in detail 7 
cases studied and treated within the 
past 3 years at this hospital; and to 
stress again the serious import of vita- 
min D as a toxic agent. 

OccurRENCE. As is suggested above, 
the exact incidence of vitamin D 
intoxication is not known. There is 
obviously a wide variation in individ- 
ual susceptibility; some patients dis- 
play toxic symptoms on as little as 
50.000. units per day for a few weeks. 
whereas others may tolerate 10 times 
that dosage for 6 to 12 months before 
manifesting toxic effects of the medica- 
tion. High dietary calcium! and prob- 
ably pre-existing renal disease predis- 
pose to early appearance and enhanced 
severity of intoxication. 

Review of the ‘multi-vitamin prepa- 
rations available without prescription 
reveals that there are at least 2 brands 
containing as much as 50,000 units of 
vitamin D per capsule*+ and there is 
a greater number of high-concentrate 


* This is publication No. 118 of the Robert W. Lovett Memorial Foundation for the study of 


Harvard Medical School. 


Crippling Disease, 


The expenses of this investigation have beer 


lefrayed in part by a grant from the Commonwealth Fund. 


Darthronol (Roerig); Dalsol (U. S. Vitamins). 
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CHAPLIN, 


CLARK, ROPES: 


pure vitamin D preparations in both 
liquid and capsule form containing 
over 50,000 units per usual dose.*® 
Accordingly, it is not unlikely that 
considerable numbers of vitamin-habit- 
uated individuals may be taking toxic 
doses of vitamin D without benefit of 
medical surveillance. 

However, it must be said that the 
chief occurrence of vitamin D intoxi- 
cation is in those patients who are 
receiving massive doses prescribed by 
their physicians in attempted treatme nt 
of some particular disease condition. It 
is not the purpose of this paper to 
discuss whether such treatment should 
be discontinued, but rather to indicate 
that physicians who employ _ these 
potent vitamin D prepar ations should 
be alerted to the early signs of im- 
pending intoxication and aware of the 
clinical and chemical abnormalities as- 
sociated with overdosage. 

The Syndrome. The complete svn- 
drome of hypervitaminosis-D has been 
repeatedly described and confirmed in 
the literature as consisting of the fol- 
lowing: 


1. General: 


> 


fatigue, weight loss. 
vomiting, 


weakness, 


Gastrointestinal: nausea, diar- 


rhea, abdominal cramps. 
3. Neurological: headache. 


vertigo 


paresthesias, 
1. Psychiatric: variable mental symptoms— 
mild psychosis, stupor. 

5. Hematological: normocytic, 
chromic anemia. 

6. Urological: albumin, red cells, casts in 
the urine, with progressive impairment in 
concentrating ability; frequency and nocturia. 

7. Ophthalmological: band keratitis. 

8. Chemical: elevated serum calcium and 
phosphorus, with normal or slightly elevated 
alkaline phosphatase. Progressive nitrogen 
retention. 


depression, 


normo- 


** Actophen (Biochemical Research); 
Davitin (I.V.C.): 


Breon); Dee Ronal (Warren-Teed); 


D Vitamin Capsules (Squibb); 
Decaps (Cole); Decolake (Lakeside); 
Deltalin (Lilly); 
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diffuse 


advanced cases; 


demineraliza- 


peri- 


9. Roentgenological: 
tion of the 
articular soft tissue calcifications. 

10. Pathological: Scattered calcium de- 
position in kidney, blood vessels, periarticular 
soft tissues, heart, stomach, lung, thyroid and 
pancreas. 


bones in 


Depending on the severity of intoxi- 
cation, all or only a few of the above- 
described findings will be present, as 
indicate d by the following case reports. 

Table 2 summarizes the specific labo- 
ratory and chemical data which are 
mentioned only generally in the case 
reports. 

Case Reports. Case 1. (Unit No. 610997. 
Adm. 3-26-48. Disch. 5-14-48. ) 

This was the first admission of a 65-vear- 
old man. For 2 years prior to admission he 
had suffered from arthritis of the knees. Dur- 
ing the greater part of this time, he had in- 
200,000 to 300,000 units of vitamin 
D per day in treatment of his arthritis, in 
addition to drinking 1 to 2 quarts of milk 
daily. Three before admission, his 
arthritis generalized, with most 
marked involvement of his shoulders, wrists, 
hands and cervical spine. In addition, during 
this interval he developed anorexia, marked 
weight loss, weakness, fatiguability, nocturia, 
and noted the appearance of non-tender 
fluctuant, periarticular masses in relation to 
his elhows, wrists, cervicothoracic spine, and 
several metacarpophalangeal joints. 

There was no known history of previous 
renal disease. 

Significant Physical Findings: Apathy, pal- 
lor, weakness and emaciation. ker- 
atitis. Senile pulmonary emphysema. Grade 2 
apical systolic murmur without other signifi- 
cant cardiac abnormality. Blood pressure 
145/60. Generalized moderately severe rheu- 
matoid arthritis. Multiple 1.5 to 2.0 cm. soft, 
non-tender masses over the second metacarpo- 
phalangeal joints and ulnar and radial aspects 


of the wrists bilaterally. A similar 3 cm. mass 
was longitudinally 


gested 


months 
became 


situated over the lower 
cervical and upper thoracic spine. Benign 
prostatic hypertrophy. 

D-Vatine (Dorsey); 
Dee-Ron (Warren-Teed); Dee-Osterol 
Deratol (Brewer); Hi Deratol (Brewer); 


Diactol (Plessner); Drisdol (Winthrop-Stearns); Ertron (Whittier); Infron Pediatric (Whittier); 


Super-Seal Vitamin D (Drug Products); 
Viosterol Concentrated (Merrell); 


Viderol Capsules 
Vitamin D Capsules (Abbott, 


(Parke, Davis); 


Bristol, 


Vio-D (Rowell); 
Lederle, Miller, 


Schieffelin, Sharp and Dohme, Sherman, Ulmer, Upjohn, U. S, Vitamin, Walker Vitamin, 


Wyeth). 
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Laboratory Data: Admission hemoglobin 
8.0 gm. Urine specific gravity fixed at 1.012, 
moderate albuminuria, markedly impaired 
phenolsulfonphthalein excretion. Elevated 
serum calcium, normal to slightly elevated 
serum phosphorus and alkaline phosphatase, 
elevated serum non-protein nitrogen, 
creased 24 hour urine calcium excretion. 
Congo Red test negative. Roentgen rays 
revealed moderate generalized demineraliza- 
tion of bones, arthritic changes in joints, and 
opaque calcium-containing masses in the sites 
described under Physical Findings 

Course: During the early -phases of the 
patient’s admission, his condition deteriorated. 
Serum calcium and non-protein nitrogen rose 
for a time; he became weaker and more 
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apathetic. One important obstacle to  treat- 
ment was the patient’s refusal to take an 
adequate fluid and caloric intake or to be 
mobilized from bed. He was given 3 trans- 
fusions of 500 cc. whole blood, and his oral 
intake was supplemented by Levine tube 
feedings. In addition, he received 5 mg. stil- 
bestrol per day. Approximately 1 month after 
admission his clinical and blood chemical 
status began to improve; he became alert, 
stronger, and regained full ambulation. The 
periarticular masses slowly disappeared. No 
significant improvement in renal function oc- 
curred other than that secondary to improved 
hydration. Despite transfusions and ferrous 
sulfate, his hemoglobin was only 9.0 gm. at 
discharge 
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Unfortunately, no follow-up is available as 
to his course after leaving the hospital 

Case 2.° (Unit No. 617407. Adm, 5-4-48 
Disch. 5-21-48. ) 

This was the first admission of a 55-vear- 
old woman. She presented a 30 vear history 
of progressive spondylitis and peripheral 
rheumatoid arthritis with resultant bed-chair 
invalidism. Three months prior to admission, 
after taking 300,000 units of vitamin D daily 
for 3 months, coincident with a diet high in 
calcium content, she had the onset of weak 
ness, anorexia, progressive weight loss, and 
noted the appearance of soft, tender masses 
over her low back and in relation to het 


knees, wrists, shoulders, and scapulae No 
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histor, ot previous renal disease Was ob- 
tained. 

Significant Physical Findings: Pallor, weak- 
ness, and emaciation. Band keratitis. Advanced, 
generalized rheumatoid joint changes. Soft 
slightly tender, fluctuant 1.5-8.0 cm. masses 
at the base of the right thumb, over the 
right radial tuberosity, right scapulohumeral 
joint, inferior border of the left scapula, left 
sacroiliac joint, and medial aspect of the left 
knee. Blood pressure: 100/65. 

Laboratory Data: Admission hemoglobin 
7.5 gm. Urinary specific gravity fixed at 
1.010, moderate albuminuria, markedly im- 
paired phenolsulfonphthalein excretion. Ele- 
vated serum non-protein nitrogen, calcium, 
phosphorus, and slightly elevated alkaline 


* This case is included in the “Case Records of the Massachusetts General Hospital” in the 


New England J. Med., 1950, in press, 
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phosphatase; normal to moderately increased 
24 hour urinary calcium excretion. Roentgen 
rays revealed moderate generalized deminer- 
alization of bones, arthritic joint changes, and 
the cystic masses of calcium described above. 

Course: With mobilization, low calcium 
diet, and forced fluids the patient’s non- 
protein nitrogen, calcium, and phosphorus 
decreased, but did not reach a normal range. 
Alkaline phosphatase remained essentially 
unchanged. Her urinary calcium increased 
from a normal to a moderately elevated level. 
With 3 transfusions of 500 cc. whole blood 
her hemoglobin rose to 12.5 gm. She failed 
to tolerate stilbestrol because of nausea. The 
periarticular size and 
became less fluctuant. No significant improve- 
ment in her renal status was apparent. She 
left the hospital against advice, much im- 
proved, but before full therapeutic results 
had been obtained. 

Follow-up: Despite attempts at follow-up, 
contact with her was lost until almost 3 years 
later, when she was admitted terminally ill 
with jaundice, peritonitis, and uremia. Her 
serum calcium was below normal on this ad- 
mission, and the previously described soft- 
tissue cysts had largely disappeared, though 
calcification in the soft tissues was clearly 
Roentgen ray. She died after a 
brief period in the hospital. 

Autopsy revealed widespread, generalized 
calcification. Her diagnoses included active 
disseminated pulmonary, renal, bladder and 
endometrial tuberculosis, Boeck’s sarcoid in 
the lungs, nephrosclerosis and probable 
pyelonephritis, chronic cholecystitis 
with multiple liver abscesses, perforation of 
the gall bladder, and generalized peritonitis. 
Calcium was found in the soft tissues, periar- 
ticular tissues, lungs, blood vessels, kidneys, 
liver, adrenals, mesentery and spleen. The 
parathyroids were small. It was the opinion of 
the pathologist that the calcification within 
the pulmonary alveoli, in the soft tissues and 
in the periarticular regions, was almost surely 
the result of hypervitaminosis-D, whereas the 
calcium deposits elsewhere could conceivably 
have resulted from her other coexisting path- 
ological states. 

Case 3. (Unit No. 24992. Adm. 6-19-47. 
Disch. 7-31-47.) 

This was the second admission of a 39 
vear old woman, who entered for study and 
treatment of her rheumatoid arthritis. At age 
12 she suffered an illness consistent with 
Sydenham’s chorea but without other coin- 
ident or subsequent symptoms of rheumatic 
fever. She presented a 23-vear history of 


evsts decreased in 


seen by 


chronic 


* Secondary amyloidosis. 
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progressive spondylitis and peripheral rheu- 
matoid arthritis, resulting within 10 years of 
onset in varying degrees of deformity in all 
joints. During the 5 years before admission 
(1942-1947) she took an average of 100,000 
units of vitamin D per day. Her diet was 
not high in calcium content. During the last 
vear of this interval she developed anorexia, 
weight loss, nausea and vomiting, nocturia, 
and very distressing paresthesias in the legs. 

Significant Physical Findings: Pallor and 
emaciation. Advanced peripheral joint changes 
and spondylitis. Hepatomegaly® (liver edge 
palpable 3 fingers below the inferior costal] 
margin in midclavicular line). Rheumatic 
heart disease, with moderate cardiac enlarge- 
ment, mitral and aortic systolic and diastolic 
murmurs, good cardiac compensation without 
treatment. Blood pressure: 130/88. Psoriasis. 
Band keratitis. 


Laboratory Data: Admission hemoglobin 
8.0 gm. Urine specific gravity fixed at 1.012, 
marked albuminuria. Increased non-protein 


nitrogen, calcium and phosphorus; normal to 
increased alkaline phosphatase; normal uri- 
nary calcium excretion. Congo Red test 
positive. Note: The increased phosphorus 
reflects the particularly severe degree of renal 
involvement in this case (secondary probably 
to both vitamin D intoxication and amyloido- 
sis). Roentgen rays revealed moderate, gen- 
eralized demineralization of bones, metastatic 
periarticular and extra-articular calcification, 
and arthritic changes in joints. 

Course: Because of the presence of an 
active duodenal ulcer, the patient was placed 
on a 6 meal bland diet. She was given 
aluminum hydroxide in an attempt to decrease 
phosphorus absorption. No significant change 
occurred in the level of her increased non- 
protein nitrogen or serum phosphorus. Her 
serum calcium actually increased. She did 
not receive stilbestrol. The hemoglobin level 
showed no persistent increase despite 2 trans- 
fusions of 500 cc. whole blood. 

Follow-up: The patient had a subsequent 
admission (9-1-48 to 9-4-48) for treatment 
of an exacerbation of her duodenal ulcer. In 
addition she has been seen regularly at the 
M. G. H. Arthritis Clinic up to the present. 
By 11-13-49 her serum had _ fallen 
to within normal limits and has remained 
such. However, her serum phosphorus and 
non-protein nitrogen remained elevated until 
10-26-49, when these determinations were 
found to be within normal limits. Her hem- 
oglobin has slowly risen to a level of 12 gm. 
Roentgen ray studies have revealed a de- 
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crease in the amount of her periarticular 
calcification 
CasE 4 Unit No. S997. Adm 
Disch. 1-19-48 
This was the 
70-year-old 


12-6-47 
fourth admission of a 
woman. She gave a 15 year 
history of generalized rheumatoid arthritis. 
Shortly prior to this admission, she took 150,- 
000 units of vitamin D daily for 6 months 
The calcium content of her diet during this 
time is not known. Toward the end of this 
period she suffered the 
vomiting, diarrhea, anorexia, weight loss. 
weakness, mental depression, and nocturia. A 


onset of nausea, 


diagnosis of vitamin D intoxication was made. 
and hospital admission for study advised. Sh« 
was known to have had a chronic urinary 
tract infection since 1933, without, however, 
apparent Impairment of renal function prior 
to this admission 
Significant Physical Findings: Pallor, senil- 
itv, weakness, signs of recent weight loss. 
Arteriosclerotic heart with > slight 
cardiac enlargement. An apical systolic mur- 
mur with thrill. Soft, aortic systolic murmur. 
Blood pressure 140/70. Senile emphysema. 
Advanced, generalized. peripheral rheumatoid 
arthritis. Rheumatoid nodule over the stvloid 
process of the right radius. Band keratitis. 
Laboratory Data: Admission hemoglobin 
was 9.0 gm. Maximum urinary specific gravity 
1.014, albuminuria and pvuria, 
markedly impaired phenolsulfonphthalein ex- 
cretion. Increased serum non-protein nitrogen 
and calcium: slightly increased phosphorus 
and alkaline phosphatase; normal 
calcium excretion (1 determination). 
gen rays revealed 
demineralization 
thritic changes. 
Course: A urinary tract infection ( probably 
a B. coli chronic pyelonephritis ) was con- 
trolled with sulfadiazine. Her non-protein 
nitrogen fell to within normal limits, and 
her levels of serum calcium and phosphorus 
showed a downward trend. No essential 
change in her renal function occurred. The 
hemoglobin level showed no change. 
Follow-up: Following discharge, the pa- 
tient was seen regularly in the clinic until 
July, 1949. The non-protein nitrogen remained 
moderately elevated, and albuminuria and 
pyuria, as well as nocturia and polyuria per- 
sisted. Otherwise, except for arthritis, she 
remained in fair health—ambulatory and alert. 
The patient was readmitted on 2-2-50 and 
died on 2-8-50. The cause of death was 
probably progressive cerebral thrombosis. At 
the time of admission her non-protein nitrogen 
was 37 mg., serum calcium 10.8, phosphorus 


disease 


moderate 


urinary 
Roent- 
moderate, 
of bones and 


generalized 
severe ar- 
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3.4, and phosphatase 1.2 units. A severe B 


coli urinary tract infection was present. 


Autopsy revealed no definite visceral or 
other extra-skeletal calcification other than 
that compatible with her age. 

Case 5. (Unit No. 631593. Adm. 9-14-48. 


Disch. 3-12-49.) 

This was the first admission of a 36-year- 
old woman. Three years before admission she 
had onset of pain in her thoracic spine. Eight 
months later she developed fatigue and ar- 
thritis involving multiple peripheral joints 
[his exacerbation persisted up to the time of 
admission. Seven months 
took 300,000 units of 
3 weeks. During the subsequent period, she 
continued to take preparations of 


before entry she 
vitamin D daily for 


vitamin 
unknown composition in unknown quantity 
Her diet during this period did not contain 
excessive amounts of calcium. The toxic svmp- 
toms, consisting of anorexia, nausea, vomiting, 
diarrhea, ‘and weight loss, ensued 3 weeks 
before admission. 

Significant Physical Findings: Pallor and 
weakness. Impaired hearing. Grade 2 apical 
svstolie murmur without other cardiac ab- 
normality. Blood pressure 120/70. Moderately 
severe spondylitis and peripheral 
toid arthritis. Band keratitis. 

Lahoratory Data: 
10.0 gm. Maximum urine specific gravity 


Admission hemoglobin 
1.012, slight albuminuria, moderate pyuria, 
B. coli and B. pyocyaneus bacilluria, normal 
phenolsulfonphthalein excretion. Serum non- 
increased serum 

elevated phos- 
phosphatase; in- 


protein nitrogen normal; 
calcium, normal to. slightly 
phorus, normal alkaline 1 
creased urinary calcium excretion. Congo Red 
test normal. Roentgen rays revealed slight, 
generalized 
joint changes consistent with rheumatoid ar- 
thritis. 
Course: By 


demineralization of bones and 


10-20-48 the 
vitamin D intoxication had subsided under 


symptoms of 


treatment with forced fluids and low calcium 
diet. Serum calcium, phosphorus, and urinary 
calcium excretion fell to within normal range. 
The urinary tract infection cleared on sul- 
fadiazine. 

Follow-up: The patient was followed regu 
larly in the clinic. Except for her arthritis 
she remained well until the occurrence of 
a gastric ulcer in December, 1949. She was 
admitted to the hospital (2-2-50 to 3-8-50) 
for treatment of her ulcer, which healed 
uneventfully on a medical program. At th 
time of this admission, the hemoglobin wa: 
14.0 gm., urinalysis normal, and serum cal 
cium, phosphorus, and alkaline phosphatas: 
within normal limits. 
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Case 6° (Unit. No. 693324. Adm. 3-1-50. 
Disch. 3-10-50.) 

This 40-vear-old man was admitted with 
a provisional diagnosis of nephritis. The past 
history was not remarkable save for 2 epi- 
sodes (at ages 14 and 20 years) of apparent 
acute nephritis lasting approximately 1 year 
on each occasion, and exhibiting albuminuria, 
evlindruria, and blood pressure elevation. 
During the 20 years prior to admission, how- 
ever, repeated physical examinations and 
urinalyses failed to reveal any evidences of 
nephritis or hypertension. 

For a period of 8 mos. prior to admission, 
he took 200,000 units of vitamin D daily in 
treatment for chronic bursitis of his right 
shoulder. His diet during this time was not 
high in calcium content. Three months before 
admission he experienced progressive weak- 
ness, fatigue, severe polydypsia and polyuria, 
without other manifestations of vitamin D 
intoxication. 

Significant 
undernutrition. 


Physical Findings: Pallor and 
Blood pressure 160/92. No 
evidence of intrinsic cardiac disease. Bilateral. 
slight costovertebral angle tenderness. Band 
keratitis 
Laboratory 


Data: Admission hemoglobin 


9.0 gm. Slight albuminuria, moderate pyuria 


without urinary tract infection, impaired 
concentrating ability (maximum — 1.010). 
Moderately elevated non-protein nitrogen, 


markedly 


phosphorus 


elevated serum calcium, normal 

and alkaline phosphatase. In- 
creased urinary calcium excretion. Roentgen 
rays of the skeleton were not remarkable 
except for calcification in the area of the 
right subacromial bursa. 

Course: Despite the brevity of the patient’s 
hospitalization, definite improvement — was 
observed without treatment other than ces- 
sation of vitamin D ingestion, ambulation, 
and forced fluids. At discharge his fluid intake 
and output were slightly less than half the 
excessive values he demonstrated on admis- 
The non-protein nitrogen and serum 
calcium showed a downward trend. 

No follow-up is available at the present 
time. 


sion, 


Case 7. (Unit No. 696311. Adm. 4-17-50. 
Disch. 4-26-50). 

This 48-year-old woman was admitted to 
the Medical Service in transfer from the 
Neurological Service, where she had been 
admitted for investigation of undiagnosed 
headache. She presented a 10 year history 
of mild, generalized, peripheral rheumatoid 
arthritis. For a 6 year period, terminating 4 
months before admission, she had taken 50,- 


* This patient, sent in consultation to Dr. F. 
and genitourinary symptoms, is to be reported 
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000, or more, units of vitamin D per day. 
During the 10 months prior to admission she 
had suffered progressive weakness, fatigue, 
anorexia, post-prandial nausea and vomiting, 
weight loss of 44 Ibs., severe frontal head- 
aches, and nocturia 3 times nightly without 
other genito-urinary symptoms. It is of interest 
that early in her intoxication the nature of 
her symptoms was not recognized, and in 
an effort to relieve them, her physician 
switched to another, equally potent, prepara- 
tion of vitamin D. 

Significant Physical Findings: Emaciation. 
Minimal arthritic changes in multiple periph- 
eral joints. Two small nodules (probably 
rheumatoid) over the extensor surface of the 
right elbow and one over the distal end of 
the right humerus. Liver enlarged 2 finger 
breadths below the right costal margin. Blood 
pressure 180/106. 

Laboratory Data: Admission hemoglobin 
10.0 gm. Urine specific gravity fixed at 1.014, 
minimal albuminuria, occasional granular 
and hyaline casts, and markedly impaired 
phenolsulfonphthalein excretion. Elevated 
serum calcium, with normal phosphorus and 
alkaline phosphatase, elevated non-protein 
nitrogen, increased 24-hour urinary calcium 
excretion, elevated bromsulfonphthalein reten- 
tion, thymol turbidity 6.0 units, and 
cephalin flocculation 3 plus at 24 and 48 
hours. Roentgen rays revealed minimal ar- 
thritic changes in elbows, knees, and hands, 
without generalized osteoporosis or metastatic 
calcification. 

Course: The patient was treated with low 
calcium diet, forced fluids, transfusions, ambu- 
lation, and supportive measures for her 
arthritis. On this program she showed some 
symptomatic improvement and_ her non-pro- 
tein nitrogen fell to within normal limits. 
Unfortunately, further follow-up is not avail- 
able because of failure of the patient to keep 
her return appointments. 


Comments. No correlation can be 
established relating the duration or 
severity of the arthritic disease in 
these patients to the development of 
vitamin D intoxication. Furthermore, 
although 1 patient had extensive sec- 
ondary amyloidosis and 2 had coinci- 
dent urinary tract infections, one can- 
not substantiate from the case data 
available the reasonable speculation 
that pre-existing renal disease might 


Dennette Adams because of the constitutional 
in more detail by Dr. Adams at a later date. 
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predispose to the renal complications 
ot vitamin D intoxication. 

It is interesting that the 2 patients 
with a definite history of unusually 
high calcium intake during the period 
of vitamin D therapy exhibited the 
most severe intoxication, and were the 
only cases in our series that developed 
calcium-containing cysts. This aggrava- 
tion of vitamin D intoxication by high 
calcium intake substantiates the work 
done in experimental animals by Har- 
ris**. Unfortunately, in none of our 
cases was the diet studied for its ash 
content, for in accordance with 
Gough’s'® work in animals, it might 
be anticipated that vitamin D intoxica- 
tion would be aggravated by any al- 
kaline ash diet. 

It will be noted that 6 of the patients 
exhibited so-called “band keratitis”. 
a lesion which is commonly associated 
with disturbed calcium metabolism in 
a variety of disease conditions®**. Its 
regular occurrence in vitamin D_ in- 
toxication is almost certainly due to 
the existence of hypercalcemia, and 
is in no way a specific finding related 
to the vitamin D compound itself. 
Both of the most serious cases of 
vitamin D_ intoxication reported in 
this paper were remarkable for the 
demonstration of calcium-containing 
cysts. With rare exceptions (Paul*!—] 
case, DanowskiS—1 case), this phe- 
nomenon has not been reported previ- 
ously as part of the syndrome of 
vitamin D poisoning. It is difficult to 
know whether to classify it as a 
specific manifestation of vitamin D 
overdosage or to rank it along with 
band keratitis as a manifestation of 
disturbed calcium metabolism. In both 
of these patients the cysts were local- 
ized largely in the periarticular areas 
and in the vicinity of bursae. The 
cysts were not fixed to the skin, but 
seemed firmly attached to the under- 


Pathology, Harvard Medical School. 
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lying tissues. They were fluctuant, did 
not transilluminate, and varied from 
1.5 to 8.0 em. in diameter. 

Biopsies of several of these masses 
were made; the following is a_briet 
summary or a representative patholog- 
ical report: ° 


“A portion of the tissue seems to repre 
sent the lining of a cyst, bursa, or joint cavity 
with an inner layer of cells resembling hyper 
plastic and hypertrophied synovial cells and 
n outer layer of dense partially hvalinized 
onnective tissue. This membrane is thrown 
into irregular folds and is involved by a dif- 
fuse granulomatous inflammatory process. 
the granulomatous reaction is of the ‘foreign 
body’ tvpe with many giant cells which often 
ippear to be centered about irregular gran- 
ules which measure up to 20> micra in 
diameter. These granules stain like calcium 
with hematoxvlin and like fibrin with Mal 


lorv’s aniline blue, Mallory’s phosphotung 


stie acid hematoxylin, and eosin methylene 
blue. The y are present in all portions of the 
membrane, as well as in the cavity of the 
cyst.” 


The mechanism of formation of 
these cysts remains obscure. Although 
in our cases they were associated with 
underlying joint disease, similar cvsts 
have been described in both primary 
and secondary hyperparathyroidism 
without significant coincident joint 
clisease. \ccordingly, it seems likely 
that these cysts are merely a manifesta- 
tion, like band keratitis. of profoundly 
disturbed calcium metabolism and are 
not pathognomonic of vitamin D_ in- 
toxication per se. 

The material contained within the 
cysts could be readily aspirated 
through an 18-gauge needle and_pre- 
sented a milky, somewhat viscous ap- 
pearance. The chemical nature of this 
material is of some interest. In 2 of 
our cases, calcium, phosphorus, and 
alkaline phosphatase determinations 
were made upon the fluid itself and 
upon the seciment centrifuged from 
the fluid. The calcium/phosphorus ratio 


* Obtained through the kind cooperation of Dr. Peter Kulka, M.D., of the Department of 


: 
= 
ot 
in 
ot 
‘ 
| 
h 
| 
tl 
ti 
| 
4 
f 


CHAPLIN, CLARK, ROPES: 


of the sediments in these cases was 
more than twice that present in bone, 
a finding at variance with Paul's?! case. 
in which the calcium/phosphorus ratio 
was reported as identical with that of 
bone. 

Differential Diagnosis. The problem 
of differential diagnosis is generally 
not a difficult one. The only conditions 
with which vitamin D_ intoxication 
would be likely to be confused are 
primary and secondary hvperpara- 
thvroidisim. In these latter, the serum 
phosphorus will be either low (primary 
hvperparathyroidism) or considerably 
elevated (end-stage renal disease with 
tCCOMPany secondary hyperpara- 
thvroidism) and the alkaline phospha- 
tase will be considerably elevated. In 
vitamin D intoxication, on the other 
hand, the serum phosphorus and alka- 
line phosphatase are normal or only 
slightly elevated. 

Prognosis. The prognosis in cases of 
vitamin D intoxication, although dif- 
ficult to judge betore treatment is 
instituted, may generally be considered 
favorable following prompt cessation 
of administration of the drug and early 
institution of the therapeutic measures 
indicated below. As previously noted 
if intoxication has been severe it may 
result in death. If fatal outcome does 
not occur, some degree of irreversible 
renal damage may remain, usually 
nanifested by impaired renal concen- 
trating capacity and diminished phe- 
nolsulfonphthalein excretion. most 
ases the metastatic cvsts, band 
keratitis, azotemia, hypercalcemia, an- 
mia, and symptomatology will  dis- 
ippear over a_ period of weeks or 
months following institution of treat- 
ment. 

Prevention. Physicians should em- 
ploy this potentially dangerous medi- 
cation only in disease conditions in 
which existing evidence indicates a 
reasonable rationale for usage. For- 
tunately, the syndrome of hypervita- 
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minosis D is slow in its development 
and affords opportunity for the phy- 
sician to detect intoxication early, 
before significant damage has occur- 
red. It is the belief of the authors that 
the incidence of severe intoxication 
can.be entirely eliminated if the fol- 
lowing simple precautions are taken 
in all patients being given large doses 
of vitamin D. 

1. The patient should be informed 
sufficiently of the nature of the toxic 
symptoms to permit voluntary CeSsa- 
tion of treatment if these symptoms 
appear, 

2. Routine urinalysis and hemoglo- 
bin determinations should be checked 
at least every two weeks during treat- 
ment. 

3. Blood calcium determinations 
should be followed at monthly inter- 
vals. 

4. If significant abnormalities are 
found in the course of the above 
measures, treatment should dis- 
continued, and more complete labora- 
torv studies should be obtained in 
order to clarify the nature of these 
changes. 

Treatment. The treatment of — the 
svidrome of hypervitaminosis D_ is 
directed towards: a, cessation of vita- 
min D intake: Db, reduction of serum 
calcium level by restriction of calcium 
intake and encouragement of maxi- 
mum urinary excretion. . 

Accordingly, in this group of 6 pa- 
tients the following program of treat- 
ment was evolved:, 1, cessation of 
vitamin D intake; 2. strict low calcium 
diet: 3, avoidance of undue exposure 
to sunlight: 4, avoidance of alkali; 5, 
maximum mobilization of the patient; 
6, sufficient fluids to insure a dailv 
urinary output of at least 2000 cc. 

Some of our cases received stilbes- 
trol, 5 to 10 mg. daily, on the theo- 
retical assumptions that: a, it might 
increase calcium deposition in bone by 
favoring osteoid formation*?; and, b, 
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y increasing urinary citric acid ex- 
cretion, there would be increased 
calcium ig as calcium citrate. 

Summary. 1. The characteristics of 
the cede of hypervitaminosis D 
have been described and data avail- 


by 


able on over 100 cases from the litera- 
ture have been summarized. 

2. Seven additional cases seen at the 
Massachuse tts General Hospital with- 
in the past 3 vears have been de scribed 
detail, with 
of band 
calcium 


in some 
the 
metastatic 


emphasis upon 

keratitis and 
The _histol- 
ogy of these cysts has been described 


findings 
cvsts. 
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as well as the nature of the Ca/P ratio 
of their contents. 

3. Current methods for treatment of 
the svndrome are described. 

4. In addition to the already avail- 
able evidence regarding the inefficacy 
of non-specific therapeutic use of vita- 
min D. as in most of the conditions 
listed earlier in this paper, special 
stress is laid upon the hazards of such 
therapy. If vitamin D is used in mas- 
sive doses, it is pointed out that care- 
ful follow-up is obligatory for the 
early detection of the clinical and 
laboratory manifestations of intoxica- 
tion. 
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(From the Metabolic Service of Dr. Edward S. Dillon and the Dept. of Biochemistry 
of the Philadelphia General Hospital 


LipeMIA retinalis is. an uncommon 
observation in patients with diabetic 
acidosis in which the retinal findings 
are believed to be due to an abnormal 
amount and proportion of serum lipid 
fractions. To date there have been 63 
cases recorded in the literature®:75%"' 

All case reports bear out the fol- 
lowing facts: 1) Most patients have 
been diabeties'’. 2) The great major- 
ity of patients have been young 
males''. 3) All patients have been in 
true acidosis or have had some de- 
crease of CO.—combining power of 
the blood serum, presumably meta- 
bolic in origin. 4) The retinal picture 
is the only diagnostic physical finding. 
5) The presence of lipemia does not 
alter the immediate prognosis for re- 
covery from acidosis. 

The retinal picture once seen is un- 
mistakable. The arteries and veins are 
indistinguishable. Both appear as 
salmon-pink to chalky white, ribbon- 
like structures traversing the retina. 
These findings are transient and dis- 
appear within 48 hours in some cases. 

An outstanding finding in lipemia 
retinalis is the appearance of the blood 
samples drawn from these patients. If 
the blood is allowed to stand and the 
cells sediment, it will be noted that a 
thick milky-white cream-like substance 
appears instead of a clear specimen 


of serum above the cells (Fig. 1). This 


serum, because of its high content of 
fat and its gross resemblance to fatty 
substances in general, has been termed 
“lipemic”, as contrasted to clear serum 
which is termed “non-lipemic”. How- 
ever, the term “non-lipemic” applies 
only to the gross description of the 
serum and not necessarily to the lipid 
content of the serum, for indeed many 
specimens may contain greatly in- 
creased quantities of lipids and still be 
clear or “non-lipemic”. 

Ahrens and Kunkel' have recently 
investigated many cases of hyper- 
lipemia in which the serum was either 
lipemic (“milky”) or non-lipemic 
(clear). These studies were performed 
in the cases of nephrosis, congenital 
hyperlipemia, and obstructive biliary 
cirrhosis. In all except the last condi- 
tion, the serum was lipernic. These 
workers emphasized that the propor- 
tion of phospholipids in the lipid 
makeup of the sera of these patients 
was the determining factor for the 
appearance of lipemic or non-lipemic 
serum. 

It will be the purpose of this paper 
to re-evaluate the serum lipid fractions 
in another hyperlipemic state, lipemia 
retinalis, in an attempt to account for 
the presence of milky serum. 

Although there are over 60 cases of 
lipemia retinalis described in the litera- 
ture, there are few reports with com- 
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plete determinations of the various 
lipid fractions. We were able to find 
only 4 adequately studied cases®"! 
and have added 1 more. The serum 
lipids of these 35 cases have been re- 
evaluated in the light of Ahrens’ work 
on the. stabilization of serum lipid 
emulsions by phospholipids. 


hia. Blood specimen of Patient N.W 
drawn on admission. Note “milky” condition of 
serum above settled red cells, 


The following case is listed, as it 
presents all of the characteristic find- 
ings in lipemia retinalis. 


Case Report. N V 
male, was idmitted to the Men's Metabolic 


a 28-vear old white 


Service of Dr. E. S. Dillon at 4 A. M. on June 


95. 1950, History from his mother revealed 
that the diagnosis ot diabetes mellitus had 
been made 2 months pre viously by his private 
physician The patient refused to take insulin 
ind attempted to manage his diabetes with 
diet alone. This latter regimen did not prove 
successful and. thie patient continued to los 
weight de spite a good appetite Several days 
before admission he contracted a respiratory 
infection which in a matter of davs led to 
mental obtunditv and finally to semi-coma 

Physical examination reve iled a semi-coma 
tose white male with Kussmaul’s respi itions 
Acetone odor was detected. His ocular ten 
sion was not palpably decreased. Signs ol 
bronchopneumonia were detected at the right 
lung base Other than a simple tachveardia 
the heart was thought to be normal. His tem 
perature was 99 F. rectally. Blood pressur 
was 130/74. No xanthomatous skin lesions 
were noted 

Ophthalmologic examination, confirmed by 
in ophthalmologist { hours after admission 
revealed: “Fundus O.D.: Media clear. Disc of 
distinct. outline, normal cup, definite pallor 
Veins somewhat overfilled. Both arteries ind 


veins show a more O1 less salmon color instead 


~of the normal red, Away trom the disc th 


irteries and veins are difficult to distinguish 
from one another. Both appear somewhat 
flattened in the pe rip r\ The fundus is pale 
with macular area more prominent in color 
than is normally seen. No hemorrhages ot 
exudates noted. O. S. as oo Dp Impression 
“lipemia retinalis.” 

The initial blood studies, which showe dl thi 
obviously lipemic serum were Sugar SO 
min. CO.,—combining power LL vols. hemo 
vlobin 12) gm leukocvtes 12.600; for fat 
studies see ‘| ible 1 The examination of the 
urine on admission showed: S. G. 1.024 ] 
albumin; 44 sugar ind 44 acetone 

Therapy was 1 ither vigorous because of th 
development of metabolic vascular shock and 
hypopotassemia following initial therapy 
Serum K=3.0 mEq./1 In 58 hours’ time 
the CO, combining power had risen to 51 
vols. %, and his clinical picture was su h that 
recovery Was assured During this period, hie 
had received 875 units of regular insulin 
1000 ec. of 5% glucose in saline intravenously 
9000 cc. of 10% glucose in water intravenously 
1750 cc. isotonic sodium chloride by sub 
cutaneous clvsis, 500. ce of blood, 500 cc. o 
1.14% potassium chloride intravenously, and 
1850 cc. of 1.14% potassium chloride sub 


cutaneously 

He was then standardized on a diet ot 
220 om. of carbohydrate; 110 gm. of fat 
and 80 gm. of protein. His insulin dose o1 
discharge was 32. units of protamine-zin« 
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insulin and 20 units of regular insulin in the 
morning 

His serum, which initially was milky 
Fig. 1 cleared gradually, and 7 days fol- 
lowing admission there was no longer visibk 
evidence of lipemia 

Meruops AND CaucuLatrions. The blood 
lipid determinations were pertormed on tast- 
ing blood samples. The phospholipids were 
determined by a modification of Youngburg’s 
Method'4. The result of this determination 
was multiplied by the factor of 25 to con- 
vert milligrams of lipid phosphorus to milli- 
of phospholipids. 

The Man modification of the Stoddard and 
Drury!” method was used for the determina- 
tion of total fatty acids. This result is ex- 
pressed in millimoles per liter. Multiplication 
by 269 and division by 10 converted milli- 
moles to milligrams pel LOO ce. 

With the above figures the values for neu- 
tral fats and total lipids were calculated. The 
neutral fats were calculated by means. of 


a marked increase in the total lipid 
content of the serum. Although this 
increase is due to an increase in all 
lipid fractions, by far the greatest in- 
crease is in neutral fat. The neutral 
fat fractions of the cases of Marble 
and Smith, and those of Herbert, were 
not listed in the original papers, but 
were calculated approximately here by 
the subtraction of the sum of phos- 
pholipids and cholesterol from the 
total blood fat figure. 

Although the phospholipids were in- 
creased in all cases, it will be noted 
that of all the fat fractions they in- 
creased the least. This relatively small 
increase in phospholipids with the 
much greater increase in total fat, re- 
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the Blood formula’, This states that the neu- 
tral fat equals the total fatty acids minus 
two-thirds the sum of cholesterol esters and 
phospholipids. The total fat figure was ar- 
rived at bv the addition of phospholipids, 
total cholesterol and neutral fat values. 

The figures listed from the case reports of 
Marble and Smith and from Herbert's 2 cases 
ire as recorded in the original papers. The 
various methods used are not listed here. How- 
ever, the ranges of figures are comparable 
with the data found in our patient and in 
ther hyperlipemic states, and we therefore 
feel that the difference in methods does not 
ilter the basic interpretation of this paper. 


Results. In Table 1 are listed the 
concentrations of the serum lipid frac- 
tions of Patient N. W., and 4 cases de- 
rived from the literature, when the 
serum was “milky” or lipemic. It will 
be noted that in all 5 cases there is 


duced the phospholipid/total fat ratio 
significantly. The normal phospholipid/ 
total fat ratio found in our laboratory 
is 0.43. This checks closely with the 
normal values given elsewhere'. How- 
ever, in none of the 5 cases of lipemia 
retinalis was the ratio greater than 0.10 
and in one case was as low as 0.04. 

In the last column is listed the 
phospholipid and total cholesterol 
ratio (P/T.C.). Although it is not the 
purpose of this paper to discuss this 
relationship at length, we wish to call 
attention to the fact that in Herbert's 
2 cases, where xanthomatous lesions 
were present, this ratio was extremely 
low. 

In Table 2 are listed the serum lipid 
fractions of 3 of the 5 cases, after the 
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serum had cleared. There were no lipids, which is most responsible for 
follow-up figures available in Herbert's this normal non-visualized state of 
2 cases. It can now be seen that the colloidal suspension, is the phosholipid 
total lipids and other fat figures are portion. Phospholipids, the most  solu- 
practically normal. The decrease was ble of the lipid fractions, act as 
most marked in the neutral fat frac- emulsifying agents and maintain cho- 
tion. There is noted a slight lag in lesterol, cholesterol esters, neutral fats 
the phospholipid return to normal. It — in colloidal suspension. Boyd stressed 
can readily be seen that the phospho- the importance of the phospholipid 
lipid/total fat ratio is normal in all total fat ratio and found that a fall in 
three cases, whose serum is now clear. this ratio below normal was correlated 
The interval between the results of with the appearance of — lipemic 
Tables 1 and 2 in the case of N. W. (“milky”) serum. Ahrens recently has 
was 14 davs, whereas the interval for confirmed this viewpoint and attributes 
the cases of Marble and Smith was 6 the solubilizing influence of phospho- 


months and 2 months respectively. lipids on the other fat fractions to its 
rABLE 2 rHE SERUM LIPIDS AFTER RECOVERY FROM LIPEMIA RETINALIS 
7 Tot Cholesterol Chalester \ 

PTE* 
Marble & 

M 
P/T.J otal fa 
Wes pape 
The neutr fat figures in parentheses were calculated from the published data of Marble and Smith, and Herbert 


Re rds the serum lipid fractions after the dis ippearance of lipemia retinalis when the serum is clea 


Discussion. There are normally 4 strong surface actions. By means ot 
different lipid fractions in human this surface action, the phospholipids 
serum. These are: free cholesterol, adsorb the various other fatty sub 
cholesterol esters, neutral fats and stances and prevent their coalescence 
phospholipids. The last substance is to visible-sized particles. Hence, as 
a lecithin and is.the main extracellu- long as the normal proportion between 
lar lecithin. The sum of the above 4 phospholipids and total fats is main 
fractions constitutes the total fat value tained, the solubility of the fats and 
or total lipids. All of the above sub- therefore the clearness of the serum is 
stances, except free cholesterol, con- assured. 
tain a certain amount of fatty acids in As has been stated, Boyd considered 
their makeup. The amount of fatty the P/T.F. (phospholipid/total fat 
acid released from the hydrolysis of ratio to be the determining fact o! 
these compounds is referred to as total — the presence of milky serum. He als: 
fatty acids. calculated the ratios of other seru 

Normally the above compounds oc- lipids and concluded that these wer 
cur in definite proportion. Their nor- not important in predicating the stat 
mal colloidal and invisible state is of the serum. The “milky” sera r 
maintained by virtue of the fact that ported herein all contained elevate 
the particles do not occur in sufficient neutral fats. However, milky — ser 
size to be visualized by the naked eye. with normal neutral fat contents hav 
Boyd* has shown that the fraction of been described’. Therefore, it cann: 


be 
th 
he 
Cl 
| | 
rr 
| 
| 
| 
| 
| 
| 
( 
| 
| 
ts 
| 
r ‘4 


CARFAGNO, STEIGER: THE SERUM 


be argued that the mere elevation of 
the neutral fat fraction is the cause of 
milky” sera. In every case, however, 
the phospholipid/total ratio has 
been depressed. 

\hrens and Kunkel! have expanded 
the above work and verified the im- 
portance of phospholipids in the 
maintenance of serum lipid emulsions. 
Later Ahrens* published a_ series of 
results on the lipid fractions in 3 
hyperlipemic states: namely, nephrosis, 
obstructive biliary disease, and con- 
genital hyperlipemia. In only of 
these 3 conditions, obstructive biliary 
disease, are the phospholipids in- 
creased proportionately to the increase 
in total fat. and hence the normal 
P/T.F. is preserved and the serum 
remains clear or non-lipemic. 

We have here recorded another 
hyperlipemic state, lipemia retinalis, 
which is associated with a grossly 
milky or lipemic serum which 
again illustrates the importance of the 
P/T.F. ratio. It can be seen from 
Table 1 that all the lipemic sera had 
greatly decreased P/T.F. ratios. In 
Table 2 are the available follow-up 
figures on 3 of these cases after the 
serum had become clear. This second 
group of figures records a normal 
P/T.F. ratio and hence the clearness 
of the serum appears accounted for. 

We did not note any xanthomatous 
skin lesions in our cases. However, in 
both of Herbert's cases these lesions 
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were noted, and, interestingly enough, 
these 2 cases had the most distorted or 
lowest phospholipid/total cholesterol 
ratio (P/T.C.) This ratio is the one 
which Ahrens believes is of importance 
in predicting the presence or absence 
of xanthoma and atherosclerotic 
lesions. We record this incidental fact 
because it adds further support to the 
belief that it is the proportion and 
inter-relation of the various lipid frac- 
tions which may account for the ab- 
normalities in atherosclerosis, hyper- 
lipemia, xanthoma, and others, and 
not the level of anv one fraction. 

Summary. 1. The clinical findings 
and the serum lipid fractions present 
in lipemia retinalis are reviewed. 

2. All serum fat fractions, neutral 
fat, cholesterol, cholesterol esters, and 
phospholipids are elevated in this con- 
dition. 

3. The phospholipid fraction, how- 
ever, is elevated least. Thus the 
phospholipid/total fat ratio is de- 
pressed. It appears that it is this de- 
pression which allows fat particles to 
conglomerate to visible size and thus 
render the serum lipemic (“milky”). 

4. Follow-up studies reveal that the 
phospholipid/total fat ratio is normal 
when the serum is non-lipemic (clear). 

5. The phospholipid concentration 
is an important factor in the mainte- 
nance of the other lipid fractions in 
solution in the serum. 


The Authors express their appreciation to Mr. Bernard Jaffe for the serum lipid determina- 


tions 
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Tue clinical entity of diabetic acido- 
sis and coma has been recognized for 
more than a centurv and has been 
studied extensively for more than 60 
vears, vet today there is still no gen- 
eral agreement as to the specific cause 
of the coma that results from uncon- 
trolled diabetes mellitus. This state of 
affairs is surprising and perhaps 
unique considering not only — the 
amount of work and thought given this 
subject but also the great advance in 
the understanding of the metabolic 
derangements in the diabetic — state 
which has led to the present compe- 
tent treatment of the diabetic patient. 
The diversity of opinion regarding the 
cause of the coma in diabetes results 
from the mass of conflicting experi- 
mental data which mirrors the com- 
plexity of the subject. A review of the 
literature is presented here in’ an 
attempt to evaluate previous experi- 
mental studies and classifv conclusions 
reached. In addition. new evidence 
from studies of the diabetic patient and 
of the laboratory animal are presented 
in an attempt to answer the question: 
What is the cause of coma in uncon- 
trolled diabetes? 

Complete review of the literature is 
almost impossible. Several excellent 
reviews have been presented within 
the last decade*:*°°24° jin which the 
broad aspects of ketosis and ketone 
body metabolism are discussed. In this 
paper, only the possible causes of the 
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coma in diabetic acidosis will be con- 
sidered, with particular reference to 
the question of specific toxicity of the 
ketone bodies, this term to include 
acetoacetic acid, B hydroxybutvric acid 
and acetone. Experimental evidence 
1S presented on the one hand, opinions 
on the other. In addition, direct evi- 
dence from the laboratory is presented 
separately from clinical observations of 
the derangements apparent in the 
human diabetic state. 

lL. Toe Rote or Aciposts iN THE PRO- 
DUCTION OF Conta. Naunyn 
in the middle of the 19th century. 
first proposed the hypothesis that 
acidosis per se was the cause of coma 
in uncontrolled diabetes mellitus. Sal 
kowski®, in 1873, was one of the 
earliest to perform experiments on rab 
bits using phosphoric and dilute sul- 
furic acids and taurine, though le 
presented no conclusions from his work 
Stadelmann*’, in 1883, subscribed to 
Naunyn’s view and hoped to cure coma 
with the use of alkalis. Minkowski" 
also shared this view but mentioned 
the possibility of some other specific 
toxic effect. Walter*, in 1887, observed 
that the administration of hydrochloric 
and phosphoric acids to rabbits caused 
coma and death without any gross 
pathological changes apparent at post- 
mortem examination. He concluded 
that acidosis caused death and_ that 
the effects were completely reversible 
with the use of alkalis. Magnus-Levy*' 
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in 1911, was of the opinion that 
acidosis, probably caused by B-hydrox- 
vbutvric acid, was the cause of coma 
and death in diabetes. He presented 
no evidence here, and it is particu- 
larly interesting to note this conclusion 
in the light of his observation that “it 
must be conceded that only a few cases 
are) known which an advanced 
diabetic coma has disappeared under 
the use of bicarbonate of soda, in con- 
trast to the absolute efficieneyv — of 
alkalis in the case of the rabbit”. Allen 
and Wishart!, in 1923, and Schneider 
and Droller“’, in 1938, confirmed the 
toxic effects of acidosis in the rabbit. 
though they viewed this as a potentiat- 
ing factor in diabetic coma and not 
the primary cause. Most recently, 
Peters and Van Slyke®*, in 1946, 
incriminated the acidosis itself as a 
Very important factor when they stated 
that the acidosis plus nonspecific fac- 
tors was the cause of shock, coma 
and death. 

Wilbur'’, in 1904, gave 8-hvdroxy- 
butvric acid and its neutral sodium 
salt to rabbits intravenously causing 
dyspnea, convulsions, 
coma and death in a manner not dup- 
licated by equivalent doses of hvydro- 
chloric acid. He thus concluded. that 
diabetic acidosis symptoms are not 
solely due to lack of alkali. This type 
of experiment has been confirmed fre- 


quently with similar conclusions! 
636,42 


somnolence, 


2. Dinecr Evipence THE 
Ilyporuesis OF Primary KETONE Tox- 
iciry. Allen and Wishart! re- 
viewed the very early experiments. 
From these and more recent. investi- 
gations, including some presented in 
this paper, it is evident that acetone 
can cause toxic effects, but apparently 
only in amounts far greater than those 
encountered in human diabetic aci- 
dosis. Wilburt*, in 1904, gave intra- 


venous infusions of 8-hvdroxybutvric 


acid and its neutralized salt at a con- 
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stant rate to rabbits. The exact amount 
was not specified. He produced con- 
vulsions and death, and concluded that 
in rabbits 8-hydroxybutyric acid and 
its neutral sodium salt are toxic and 
cause symptoms to acidosis. 
Marx! caused coma i puppies, using 
6 gm. of sodium wiles ite intravenously 
and intr: aperitone: ally. Dakin'®, in 1910, 
gave 10 gm. of sodium acetoacetate to 
a puppy weighing 3 kg., causing death 
in 4 hours. Ehrmann et al.'*, in 1911, 
produced coma in rabbits using 3.2. to 
3.6 gm. of 8-hyvdroxybutyrie ac id per 
ke. of body weight by mouth and 
intravenously. Ile produced similar re- 
sults with the ethyl ester of butyric 
acid. Sodium isobutvrate did not cause 
svinptoms unless the amounts were 
doubled, despite the fact that the 
blood alkali reserve was of the same 
magnitude in that experiment and was 
higher in the experiment where the 
toxic effects were due to butyric acid 
rather than the mineral acids. He con- 
cluded that the toxicity was due  spe- 
cifically to the butyric acid and not 
to the acidosis in this experiment. 
Hurtley?*, in 1916, experimented with 
the ketone bodies on decerebrate ani- 
mals and showed specific effects on 
the posterior corpora quadrigemina. 
Others'*"! showed them to act on the 
respiratory center. Tschun-Nien*?, in 
1922. in rather exacting work (though 
the dosages were not specified) pro- 
duced coma in rabbits with butvric 
acid and 8-hydroxvbutyvric acid. 
though isobutvric acid and hydro- 
chloric acid did not produce coma. He 
concluded that the cause of coma is a 
specific intoxication by acids related 
to butvric. Allen and Wishart!, in 1923 

were apparently the first to study this 
question more extensively when. by 
much more refined and better con- 
trolled methods, they attempted — 
tigation of blood ketone levels. Using 
dogs and rabbits, and giving isotonic 
solutions in repeated dosage of all the 
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ketone bodies intravenously, they could 
produce changes progressing to coma 
and death almost invariably. Their 
conclusions were justly guarded and 
will be discussed later. Dungan' the 
following year did even more exact- 
ing work using normal and diabetic 
animals. By numerous analyses, he 
attempted ‘to correlate the blood 
ketone levels with the apparent toxicity 
to injected ketone bodies. His results 
were variable and cannot be in- 
terpreted by a simple statement. His 
conclusions will be dealt with below, 
but it is evident that he was able to 
produce abnormalities in the experi- 
mental animal by ketone intoxication. 
Apparently the latest experimental 
work of this nature was performed by 
Schneider and Droller®’ in 1938. Using 
rabbits, they injected the ketone bodies 
at a constant rate and attempted to 
correlate the effects with the blood 
ketone concentration. believed 
that they were able to produce coma 
invariably with “sufficient” doses of 
acetoacetic acid and its sodium salt, 
and concluded that this was the spe- 
cific factor that caused the picture of 
diabetic coma in man. This work seems 
open to question; it has, in fact, been 
a major impetus for the writing of 
this paper. 

Dirnecr Evip—Nce OpposinG THE 
HyporHeEsis OF PRIMARY KETONE Tox- 
icity. It might seem apparent from 
the investigations cited that the ketone 
bodies may be highly toxic when 
injected into the experimental animal; 
however, there is conflicting evidence. 
Frerichs'®, in 1883, was one of the 
earliest to demonstrate the absence of 
potent toxicity in the ketone bodies. 
He gave 25 gm. of acetone per day 
for many days to dogs by mouth with- 
out effects, 20 gm. per di iy for many 
days of the ethyl ester of acetic acid 
and ethyl alcohol causing only mild 
lethargy, and 20 gm. of acetone per 
day for 5 days to humans in diabetic 
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acidosis without apparent effect. Using 
acetoacetic acid, he gave 40 gm. by 
mouth without symptoms, and 25 gm. 
subcutaneously intravenously as 
the salt and as the acid without appar- 
ent effect. Allen and Wishart! in their 
review mention the work of others. 
Albertoni, in ISS4, gave 20 gm. of 
acetone by mouth to man without 


effect, though he was able to produce 


death in dogs using S gm. of acetone 
per kg. of body weight. Sternberg, in 
IS9S, gave 5 gm. of B-hvdroxybutvric 
acid by mouth to a woman daily fon 
5 days without causing symptoms, and 
10 gin. for 2 davs and 5 gm. for 3 days 
to a severe diabetic also without caus- 
ing symptoms. Neubauer, in 1910, gave 
a diabetic human 30 gm. of 1-8-hy- 
droxybutyric acid) without symptoms 
resulting. Dakin'’, in 1910, to a cat 
weighing 4 kg.. gave 12 gm. of S% 
sodium acetoacetate solution over a 
6-hour period, and to a large dog, 12 
gm. over a 4-hour period without 
fatality. though he does not give a 
definite statement regarding their ap- 
pearance. Allen and Wishart'. using 
isotonic solutions of 8-hydroxybutvric 
acid and its neutral sodium. salt in 
dogs, produced blood concentrations 
of total ketones of 11.8 and 20.9 mg. 
per 100 ce.., expressed as acetone, caus- 
ing very slight abnormalities followed 
by full recovery. More complete studies 
were done by Dungan"™ as a follow-up 
of this work. Using acetone, he at- 
tained a blood level of 280 mg. per 
100 ce. which caused coma followed 
by full recovery. He did similar experi- 
ments with acetoacetic acid which 
gave delayed effects bearing no rela- 
tion to the blood levels attained and 
producing in every case, severe hemol.- 
ysis. One acetoacetic acid blood level! 
was 142 mg. per 100 cc. expressed as 
acetone, yet the animal showed no 
abnormalities. Schneider and Droller*® 
in 1938, using continuous intravenous 
infusions of acetone and_ sodium 
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acetoacetate, did not find changes in 
rabbits, irrespective of the amounts 
given, as long as the solutions were 
approximately isotonic with — blood 
plasma. Most recently, Koehler et al.*°, 
in 1941, gave these substances intra- 
venously to humans at the rate of 5 gin. 
per hour without observing any unto- 
ward symptoms. The blood total ketone 
levels reached were on the order of 
20 to 26 mg. per 100 ce., expressed 
as acetone. There is, therefore, con- 
siderable evidence that the ketone 
bodies are not highly toxic substances 
in concentrations near those found 
severe diabetic acidosis. 

INpIRECT EvipENCE FROM CLINICAL 
INVESTIGATION. In contrast to animal 
experimentation, there is adequate 
confirmation almost without opposition 
regarding the biochemical changes in 
human diabetic acidosis and coma. 
But again, interpretation — of these 
changes by different observers has re- 
sulted in controversial conclusions. 

What is the correlation between the 
general clinical appearance of — the 
patient in diabetic acidosis and_ his 
degree of acidosis and ketosis? Dun- 
gan'® reviewed the literature to 1923 
\ll figures of blood total ketone levels 
are expressed as acetone in mg. per 
100 cc. Pre-coma and coma are clin- 
ical descriptive terms without regard 
to the changes in alkali reserve. Some 
discrepancies exist where observers use 
the term total acetone to mean aceto- 
acetic acid and acetone but not 
8-hydroxybutyric acid. The reviewer 
has converted the figures below to the 
total ketone value to include £-hy- 
droxybutyric acid. Seven cases of pre- 
coma were presented where the mean 
blood level was 97, with extremes of 
38.5 and 205. Eleven cases of coma 
showed a mean level of 128, with 
extremes of 40.3 and 368.4. From 
Poulsen’s review** we learn of other 
investigations.. Campbell, in 1922, de- 
scribed 3 cases of pre-coma with a 
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mean blood ketone level of 64 and 
extremes of 49 and $2. Four cases of 
coma had mean level of 1OS with 
extremes of 79.5 and 121. Bucka, in 
1926, described an early coma with a 
blood ketone level of 67, and 7 cases 
ot coma with a mean level of 121, the 
extremes being 77 and 172. Moller 
presented 38 cases of coma, 10 of his 
own, the rest from the literature. 
Twenty-five cases ranged from 75 to 
150, 7 from 25 to 75, and 2 from 150 
to 200. Bertram’, in 1932, presented 25 
cases in full coma with an average 
blood ketone level of 133, and 36 
cases in pre-coma with a mean of 
approximately 120. He was impressed 
by the similarity of the mean ketone 
level in these 2 groups. His highest 
value for coma was 254. Root**, in 
1945, studied 41 cases of diabetic 
ketosis. Unconsciousness did not occur 
at levels under 100 with one excep- 
tion, that being at 68. His highest level 
was 195. The highest level noted with- 
out loss of consciousness was 162, and 
drowsiness was recorded in one case 
with a level of 46. Most recent is the 
work of Kety et al.**, in 1948, who 
reported 8 cases of pre-coma with a 
mean blood ketone value of 66.3, and 
extremes of 38.5 and 90.6. Six cases of 
coma had a mean level of 98.4, with 
extremes of 47.7 and 154. Briigel* pre- 
sented similar experiments. The high- 
est level found was that presented by 
Falta!’ of work by Facskas reported 
as 565. 

Several investigators have followed 
the blood ketone levels during therapy 
to note the correlation with the change 
in clinical condition and metabolic 
derangements. Dodds and Robertson", 
in 1930, studied 7 cases of severe 
diabetic acidosis and found no correla- 
tion of the blood ketone level or of 
the blood acetoacetic acid level with 
the clinical condition and recovery. 
Indeed, they noted a rise of aceto- 
acetic acid level during early therapy 


S 

) 
j 


OSS FISHER! KETONE BODIES IN THI 


when the patient was much improved 
clinically. Poulsen did similar studies 
on 4 severe diabetics. Examination of 
his data also shows no good correlation 
between Clinical appearance and blood 
ketone levels during therapy. Martin*® 
studied the relationship between the 
blood ketone levels and carbon dioxick 
combining power in diabetic acidosis. 
He noted that the correlation was not 
good. Bertram® made the interesting 
observation that there was a tendency 
to a greater depression of the serum 
freezing point in diabetic acidosis than 
in other diseases. He also did many 
follow-up studies of the blood ketone 
concentration during therapy — and 
found poor correlation between tin 
tor recovery and loss of ketosis. 

9. REGARDING THE Causi 
OF CoMA IN Aciposis. In 
order to compare the manv conflicting 
opinions, thev are grouped together 
according to the school of thought that 
they represent. 

Acidosis Is the Primary Cause. of 
Coma. Since the writings of Magnus- 
Levy*’ in 1911, no recorded conclu- 
sions were found where it was felt 
that acidosis is the direct and. sole 
cause of the clinical picture of coma 
im diabetic acidosis. However. Peters 
and Van Slvke®*, in 1946. apparently 
lean heavily toward this opinion when 
they state that acidosis plus nonspecific 
factors leads to shock. coma and death. 
The investigations in denial of — this 
opinion bear strong evidence that aci- 
dosis itself is not the most important 
feature, and most authors have voiced 
this opinion'* 21,29,36,42,44 

Hyperketonemia Is the Primary 
Cause of Coma. Binz', in 1886. is 
quoted as stating that the toxicity of 


8-hydroxvbutvric acid is the cause of 


diabetic coma. Ehrmann et al.'* con- 
cluded, in 1911, that in their own ex- 
periments butvric acid was the cause. Tt 
was Hurtley*', in 1916, whose general 
conclusions were the first to carrv real 
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prestige: “The phenomena of diabetic 
coma are due to poisoning by aceto- 
acetic acid in the form of salts and 
not to a so-called acidosis’. Tschun- 
Nien!=, in 1922. agreed with this but 
incriminated butyric -hydrox- 
vbutvric acids. Noorden, in his book 
in 19072") made cautious statements 
but by 1927°° he readily stated that 
diabetic coma was due to a specific 
intoxication with one of the ketone 
bodies. Falta!’ made similar assertions. 
Schneider et in 1938S, trom their 
own extensive experimentation in rab- 
bits, concluded that acetoacetic acid 
was the toxic agent that caused the 
picture of diabetic coma. Barach*, in 
a review in 1943, made the cautious 
statement: “When for one reason o1 
another, ketone elimination lags and 
there is an excess of ketones in— the 
blood and in the tissues, ketosis and 
intoxication follow, and the clinical 
picture of coma may sooner or later 
make its appearance’. Finally, Joslin® 
in his most recent textbook states, “The 
clinical picture of diabetic coma 
is) attributable in a large part to the 
toxic effects of the ketone bodies”. 
Hyperketonemia ls Not the Primary 
Cause of Coma. Frerichs'®, in’ 1883 
probably deserves credit for the first 
definite statements, resulting part 
from his own experimental work. He 
concluded that neither acetone nor 
acetoacetic acid are toxic, and “dia 
betic coma cannot be attributed t 
them”. Dungan', much later, state 
that the ketone bodies plaved no direct 
part in the production of symptoms o 
diabetic coma in the majoritv of cases 
Bertram’ concluded his experi 
ments in 1932 that “ketone bodi« 
cannot alone be made responsible fi 
cerebral depression of diabetic coma 
though he did not doubt that they ha 
specific toxic actions. Briigel® states th 
Bertram leaned more heavily towai 
the importance of ketone specific tox 
action, in publications of 1939. Baker 
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in 1936, stated that the ketone bodies 
could not be indicted as the cause of 
acidosis in all cases of diabetic coma. 
l'rom reviewing his paper, it seems 
lair to interpret his statements as sub- 
scribing to this group. Briigel*, in 1941, 
concluded trom his work that hyper- 
ketonemia can not be the decisive fac- 
tor causing death in diabetic coma. 

\cidosis Plus Specific Intoxication by 
the Ketone Bodies Are the Causes of 
Coma. Allen and Wishart! believed 
that symptoms of coma were due to 
the state of acidosis and to specific 
intoxication by the ketone bodies and 
that variations in the relative amounts 
of each might be responsible for. the 
variations in the severity of the coma. 
Behre’, in 1942, concurred when he 
stated, “It now appears probable that 

ketosis is largely, if not entirely, 
responsible for the clinical picture of 
diabetic coma”, but how much was 
due to acidosis from the ketone bodies 
and how much from specific intoxica- 
tion by the ketone bodies, he said he 
did not know. 

No Definite Conclusions. The ma- 
jority of the recent writers must be 
classified under this heading. While 
might appear from a cursory. glance 
at parts of their communications that 
they should be classified as giving a 
definite opinion, complete and careful 
review of their papers often does not 
bear that out. .This is mentioned in 
particular because of apparent misin- 
terpretations that have been found in 
the literature reviews. Ketv et al.?4 
in 1948. stated that at least one of 
the ketone bodies is capable of pro- 
ducing coma and may act as a histo- 
toxic agent; an equal possibility, they 
State, is that the blood ketone level is 
simply an index of less defined but 
more fundamental aberrations in the 
body. Many of the early investiga- 
tors? helieved that the ketone 
bodies might be important in coma 
production, yet they drew no specific 
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conclusions as to the degree or manner 
in which they act. Within the last 
decade, Soskin'’, MacKay", Barach’. 
Root*', Brigel’, and Best and Taylor’ 
also recorded cautious and nonspecific 
conclusions, though they did not 
all lean toward the trend of 
thought. Some suggest that the ketone 
bodies are entirely without harm; 
others do not doubt that ketone tox- 
icity exists and plays a definite part 
in coma production, though they do 
not state that it is the primary cause 
or that it is by the specific toxic action 
of the ketone bodies. 

Discussion. That great difference of 
opinion results from review of the 
same experimental evidence is quite 
reasonable when the number of vari- 
ables are considered and compared. 
Definite differences in susceptibility of 
humans, rabbits, cats and dogs to for- 
mation of ketosis and to induced 
toxicity have been noted*'**!, though 
there is also evidence to the contrary" 
Understandably, there is no good work 
of high ketonemia production in the 
human, and any inference from labor- 
atory animals is certainly less than 
conclusive. Furthermore, it is possible 
that the diabetic human might react 
to ketosis differently from the non- 
diabetic, though here also the evidence 
is controversial!. 

Obviously, comparable doses given 
by different routes cannot. be com- 
pared for relative toxicity. Thus. 
despite the great number of experi- 
ments performed to determine thresh- 
old levels for the toxicity of admin- 
istered ketone bodies, insufficient ad- 
ministration under comparable condi- 
tions prevents one from making a good 
analysis of the data. It is quite evident 
that when 20 gm. of acetone or aceto- 
acetic acid were given to an animal 
by stomach tube without the appear- 
ance of the odor of acetone on the 
breath or any detectable ketonuria' 
then sufficient amounts could not have 
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been absorbed. Therefore, unless the 
blood ketone level is known, the actual 
amount of drug given bears no definite 
significance. 
Blood ketone body analvsis is imper- 
ative if attempts are to be made _ to 
interpret resultant toxicity from ketone 
body administration in the  experi- 
mental animal. It seems reasonable to 
believe that if the ketone bodies are 
themselves toxic, then some critical 
blood level, with great individual dit- 
ferences perhaps, should be founc + or 
the production of toxic symptoms. ais 
has been studied by only a few previ- 
ous investigators with generally insuffi- 
cient data, though some conclusions 
are warranted. 
It is easily understandable why so 
few studies have been done. There 
are numerous methods for quantitative 
ketone body analvsis of the blood. It is 
a very time-consuming procedure that 
requires meticulous technique for 
accuracy. Blood ketone level deter- 
minations originating from different 
laboratories can be compared only 
roughly to each other. Bertram*® found 
normal blood ketone values near 8.5 
mg. per 100 cc., expressed as acetone. 
In our laboratory, we have not found 
normal values in excess of 3 mg. 
It is possible that a level of 368.4 mg. 
from Dungan’s review! and that of 
565 mg., expressed as acetone, by 
Facskas'*” might be measured as a 
fraction of that in another laboratory 
today. In addition, a confusion of 
terminology exists leading to misin- 
terpretation of presented data. What 
substances are included in total ace- 
tone or total ketone bodies is not fully 
agreed upon. 
The ketone bodies are verv unstable 
substances. Solutions of them mav con- 
tain toxic impurities. It is now gen- 
erally agreed that in the blood stream 
acetone is a decomposition product of 
acetoacetic and 8-hydroxybutyric acids 
and that the latter two are in equi- 
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librium with each other. Similarly, 
great instability exists in the laboratory 
and great care must be taken in the 
preparation of acetoacetic acid so that 
it does not decompose and so that the 
agents used in its preparation are not 
left as contaminants of the final prod- 
uct. It is possible that many previous 
investigators, and particularl the early 
ones, were using rather weak solutions 
of acetoacetic acid or its sodium salt, 
possibly highly contaminated with 
ethyl alcohol and ethyl ether, both of 
which are powerful central nervous 
system depressants. 

Probably the best refinements in 
experimental technique have been the 
attempts to have the rate and dura- 
tion of administration as physiologic: al 
as possible. Schneider Droller*® 
in particular discounted all previous 
work that was not done by infusions 
given at a constant rate. There is, 
nevertheless, no conclusive work in 
this regard, for it seems reasonable 
that the onlv true test would be to 
simulate a blood ketone level of dia- 
betic ketosis in everv possible respect, 
in particular by the maintenance of 
blood levels greater than 100 mg. per 
100 ce., expressed as acetone, for a 
period of many days. Such an experi- 
ment has not vet been re ported. 

Much valuable information can be 
obtained from clinical observations, 
vet unjustified conclusions are easily 
made. That there is invariably a ketosis 
in diabetic acidosis seems certain. 
Baker?, in 1936, reviewed 108 cases 
of diabetic acidosis and described sev- 
eral where no ketonuria was observed. 
He stated. “It is obvious that these 
patients have acidosis, vet there is no 
ketonuria or ketonemia, so that the 
ketone bodies cannot be indicted as 
the cause of acidosis in all cases of 
diabetic coma”. This conclusion has 
been repeated by other reviewers** 
and specifically denied by some®-*7. 
The differential diagnosis between 
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uremic acidosis, diabetic acidosis, alco- 
holic ketosis and acidosis™, per- 
haps others, is not always easy; so 
a mistaken diagnosis of diabetic aci- 
dosis must be considered if no ketosis 
is apparent. But more than this, dia- 
betic acidosis ketosis without 
ketonuria on any particular examina- 
tion is not too rare a finding in the 
face of renal disease. Baker's conclu- 
sion that ketonemia did not exist be- 
cause there was no ketonuria is not 
warranted, since no blood ketone 
analyses were done on any of these 
patients. Search through the literature 
has failed to uncover anv case of true 
diabetic acidosis with proved absence 
of hyperketonemia. 

Does hyperketon-mia occur in states 
other than uncontrolled diabetes? It 
undoubtedly may occur whenever 
there is inadequate utilization of car- 
bohvdrate. In diabetes it is the lack 
of efficient utilization. In starvation it 
is the lack of sufficient available car- 
bohydrate. Similarly, alcoholic excesses 
produce hypoglycemia because of the 
starvation that usually accompanies 
those conditions, aggravated by the 
inabilitv of alcohol to be converted to 
glucose. Fever, exercise hyper- 
thvroidism create a_ relative carbo- 
hydrate insufficiency with ketosis re- 
sulting because of increased body de- 
mand. If this occurred in a magnitude 
comparable to that of diabetes, then 
the effects of hyperketonemia might 
easily be studied. Briigel’ suggests 
that it does, and Schwenkenbecher** 
presented 2 cases where the blood 
ketone levels were 51 and 92 mg. per 
100 ce. in non-diabetic patients who 
were vomiting. Other investigators" 
deny that these levels actually occur. 
Other maximum levels reported in the 
literature were between 20 and 25 mg. 
per 100 ce., expressed as total acetone. 
\t any rate, severe hyperketonemia 
rarely, if ever, occurs in nondiabetic 
conditions. 
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In 1938, Schneider and Droller*’ 
concluded from their experimental 
work that “diabetic coma is due in 
the main to a specific intoxication by 
the acetoacetic anion”. No more recent 
similar studies have been found in the 
literature. The conclusions of these in- 
vestigators were surprising in view of 
the general disagreement up to that 
time. A careful inspection of this experi- 
ment was warranted. It was decided 
to attempt to duplicate their work. In 
general, they did all of their experi- 
ments on rabbits, using intravenous 
infusions at a constant rate and ob- 
taining blood samples for quantitative 
ketone analysis at the onset of signs 
of severe abnormality in the animal. 
Such an experiment did indeed over- 
come many of the objections that could 
be made of previous work. In numer- 
ous experiments, they confirmed ear- 
lier reports warranting the conclusion 
that the acidosis was not the factor 
per se that caused coma, though it 
may potentiate the signs and symp- 
toms. 

Experiments were performed using 
0.2, 0.3 and 0.5 normal acetoacetic 
acid infusing 60 to 155 cc. over an 
interval of 29 to 70 minutes. In every 
case, both coma and a decrease in the 
blood alkali reserve were noted. No 
abnormalities were apparent with 
infusions of 53 ec. of normal saline 
solution in 1 hour or with 22 cc. of 
isotonic acetone in 41 minutes. To 
obviate acidosis as a factor in this 
coma production, they prepared a neu- 
tral sodium salt of acetoacetic acid. 
To 4 rabbits, 0.143 or 0.154 normal 
sodium acetoacetate was given, 72 cc. 
to one very rapidly, and 110, 205 and 
398 cc. in 1 hour to each of 3 others. 
No abnormal signs were produced; 
therefore blood ketone level determina- 
tions unfortunately were not done. It 
was concluded by them that they were 
unable to give “sufficient” sodium 
acetoacetate in this concentration to 


t 
t 
S 
1 
{ 

6 
Ss 
& 
O 
) 
f 
a ) 
‘ 
V 
iS 
Ss 
= 
yf 
26 
= 


392 FISHER: 


cause abnormal signs. So they then 
used an 0.4 normal solution and pro- 
duced coma in each of 5 rabbits, with 
quantities of 100 to 175 cc. over time 
intervals of 63 to 100 minutes. Blood 
ketone analyses on these rabbits all 
showed a hyperketonemia but without 
any correlation between the degree of 
hyperketonemia and the time of onset 
of coma. 

An 0.145 normal sodium acetoacetate 
solution is isotonic with blood and 0.4 
normal is about 2.8 times isotonic in 
concentration. Reducing their figures to 
grams administered per unit of time. 
they gave at a constant rate over a 1- 
hour period, 1.5, 3.0 and 5.9, and very 
rapidly, 0.9 gm. of isotonic sodium 
acetoacetate, causing no abnormalities 
in each of 4 rabbits. Using hypertonic 
solutions of sodium acetoacetate in 5 
rabbits, they produced coma in every 
case giving the following amounts as 
calculated from their data: 4.6 gm. in 
S86 minutes, 6.7 gm. in 97 minutes, 
5.4 gm. in 100 minutes, 4.0 gm. in 63 
minutes, and 4.8 gm. in 64 minutes. 
Thus it is noted that 5.9 gm. 1 hour 
produced no abnormalities in 
isotonic solution, yet 4 rabbits de- 
veloped coma with a smaller quantity 
in hypertonic solution, 2 reaching coma 
within a few minutes of 1 hour. 

There is strong reason to suspect, 
therefore, that the hypertonicity of the 
solutions injected did in itself prove to 
be a toxic factor, irrespective of the 
agent injected, and that the results ob- 
tained may be artefacts of the concen- 
trations of the solutions used, rather 
than the total dosage per unit of time 
of the specific agent used. This would 
tend to invalidate the definite con- 
clusions drawn from these experiments 
regarding the toxicity of the ketone 
bodies. 


Experimental Data. Methods. The follow- 
ing technique was used: The rabbit was 
weighed and then confined to a small box. An 
intravenous infusion by gravity drip was 
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started into an ear vein. The rabbit was then 
moved to a larger box where it had freedom 
of motion. It was observed continuously 
throughout the experiment. All blood speci- 
mens for analysis were obtained by intra- 
cardiac puncture. Repeating the technique of 
Schneider and Droller, an end point of true 
coma was signified by the inability or ap- 
parent lack of attempt of the rabbit to right 
itself when placed on its side. This did not 
prove to be an easy end point, for several 
rabbits seemed definitely at this point, yet 
within a minute later seemed strong and ac- 
tive though there were no changes in the 
rate of infusion. Others seemed severely ill 
and went to death without ever passing 
through the state of coma described above 

Sodium acetoacetate was prepared as fol 
lows: 50 ce. of redistilled ethyl acetoacetat: 
were ,hydrolyzed with 200 cc. of concentrated 
hydrochloric acid for 1% hours at room tem 
perature with constant, vigorous mechanical 
agitation. This solution was extracted 4 times 
with equal amounts of chilled ether. The 
ether extract was washed 3 times with 100 
ce. of normal sodium bicarbonate, acidified 
with 2 normal hydrochloric acid to a pH of 
one, and reextracted twice with ether. The 
extract was vacuum distilled, leaving a yield 
of about 20 cc. of purified acetoacetic acid 
This stock solution was placed immediately 
in an environment of —10° C., an aliquot 
first being removed for analysis in the War 
burg apparatus. The strength of the stoch 
acetoacetic acid varied from 1.2 to 3.05 mol 
per liter. Within 24 hours, sodium bicarbonat 
was added quantitatively to produce a solu 
tion approximately 0.15 normal with a pl! 
near 7, and was used immediately. At tl 
end of each experiment, the sodium ac: 
toacetate was analyzed quantitatively 
total ketone concentration. 


Experimental Data. Results. Table 
presents the results of infusion exper 
ments performed on rabbits. Certain 
items are worthy of particular not 
The volume of the solution injected 
appare ently was not an importa t 
factor when isotonic with blood, fo. 
control rabbit number tolerat 
540 cc. of isotonic saline over 3 
period of 175 minutes without ar) 
abnormal signs at any time and wi!) 
continued good health for at least s 
eral weeks. This amount is probal 
well over 3 times the blood volume 
that rabbit. Acetone was undoubtec 
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toxic, though response varied greatly 
from animal to animal and did not 


correlate well with the blood ketone 
concentration. Two rabbits given  iso- 
tonic and 1 hypotonic sodium aceto- 
acetate showed no abnormalities. The 
total dosage was smaller than that used 
by Schneider and Droller, yet appreci- 


able blood ketone levels were pro- 
duced. One rabbit given 0.2 normal 


sodium acetoacetate was semi-stupor- 
throughout the entire infusion 
without progressing severity and with 
full recovery. It seems reasonable that 


ous 
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From numerous blood ketone level 
determinations, it seems apparent that 
the blood ketone level became high 
within a few minutes after starting the 
infusion and increased only very little 
during the infusion. Thirty minutes 
after completion of the infusion, the 
blood ketone concentration was. still 
near its maximal level. 

Experimental Data. Conclusions. The 
following conclusions are made from 
these experiments: 1) Hyperketonemia 
can be produced in rabbits in the 


this effect might be due to a contam- range found in diabetic acidosis in 
inant, and it was known in advance humans and maintained for several 
PABLE 1.—THE EFFECT OF INTRAVENOUS INFUSIONS IN RABBITS 
Blood total 
Average Duration ketone 
Quantity rate of of concentration Total 
| Weigh Solution infused infusion infusion as acetone dose 
\ gr infused ml med ./min min mg./100 ml. gm. Remarks 
1635 Saline, 0 S5% 40 3.9 175 $59 normal 
ISS “ 2.08% 1S5 3.0 161 10.19 coma at 161’, dead at 300’ 
1675 2 10% 280) 3.3 SS 5.SS at 78’, dead at 9S’ 
1655 10% $25 2.6 125 6.83 coma at 134’, dead at 136’ 
1680 2 27% 120) 2] 205 S82. stupor at 200’, dead at 48 hrs. 
1680 Acetone,0.3M 150 24 63 96.5 at 39’ 2 61 stupor at 15’, coma at 64’, 
175.8 at 6S’ dead at 1S hrs. 
170 120 2.4 44 175.9 at 50’ 2.09 coma at 44’, full recovery 
1490 20 29 7 139 5 at 0.35 dead at 71’, possible neck fracture 
ISS 145 1.3 10S 207 Oat 110’ 2.52 lethargy at 110’, dead at 120’, death 
due to intracardiac sture 
) 161 20 10.0 2 213 9 at 3’ 0 35 dead at 2 
tp 150 1.5 as 129.2 at 100° 2.61 coma at 97’, full recovery 
1440 160 1.2 128 135.0 at 130’ 2.78 — lethargy at 128’, full recovery 
1385 Sodium aceto 
acetate,0 O4SN 200 | 75 37.8 at 77’ 1.07 normal 
1710 OWN 130 19 70 56.8 at 70’ 2.15 normal 
170 “ OWN 150 1S 63.0 at 85° 2.48 normal 
1630 O21 N 160 20 74 77.4 at 79’ lethargic throughout, dead at 24 hrs: 
solution contaminated with ether? 
Phe S$ substances that comprise the total ketones occur in the blood in diabetic ketosis in variable portions, acetone occupy- 
# the major portion, Concentrations noted above are comprised almost entirely of the solution infused. These levels thus 


esent quantities similar to or in excess of those found in the 


that this solution did contain a small 
‘mount of ether. Four rabbits were 
given infusions of hypertonic saline 
comparable in concentration to the 
livpertonic sodium acetoacetate given 
by Schneider and Droller. The 
strength ranged from 2.1 to 2.3 gm. 
per 100 ce., approximately twice the 
‘sotonie concentration. Two rabbits 
lied during the experiment, one was 
semicomatose at the completion of the 
experiment, and it died 5 hours later. 
The last was unsteady and sleepy at 
the end of the infusion and died 48 
hours later. 


blood in human diabetic ketosis. 


hours without apparent toxic effect 
upon the animal. 

2) Hypertonic saline solution of 
about 3 times the tonicity of plasma 
can cause death in rabbits. Death is 
apparently the result of the hyper- 
tonicity itself, not of the volume of 
fluid injected, the rate of the 1afusion 
or the amount of sodium chloride 
given. 

3) The toxicity noted in experiments 
performed by Schneider and Droller 
was apparently the result of or greatly 
influenced by the hypertonicity of the 
solution infused and not of the specific 
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agent or quantity of the agent infused. 
This casts serious doubt on the validity 
of their conclusions. 

Clinical Experimental Data. Forty- 
two patients with diabetic acidosis 
were studied at this hospital. Arterial 
blood specimens were obtained prior 
to therapy and were analyzed — for 
total ketone content by the method 
of Greenberg and Lester!’. An attempt 


is made to correlate the blood ketone 
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had a blood ketone level lower than 
the average for the group that was 
normal mentally. This probably does 
not represent a mistaken diagnosis, for 
this patient had an arterial blood car- 
bon dioxide content of 6 vols. per 100 
cc., a pH of 6.80, a glucose level of 
630 mg., and urea nitrogen of 
20 mg. This demonstrates also 
that the ketone bodies may not be the 


major factor in acidosis production, for 


a 
case 


concentration with the mental state. this patient, with apparently normal 
TABLE 2.—THE RELATIONSHIP BETWEEN MENTAL STATE AND BLOOD KETONE 
CONCENTRATION BEFORE THERAPY 
No of 
pate nits Mean hlood total ketone Range 
Vental in concentration, ex pre ssed Standard 
state group as acetone, (mg. 100 ce deviation High Lou 
l 11 60.1 26.9 1250 $4.9 
2 18 73.4 24.4 111.8 25.8 
3 7 850 35.6 117.0 21.0 
11 10908 37.4 154.0 17.7 


In every case, the blood carbon dioxide content Was less than $2 vols per 100 ce 


is described as follows: 1. normal; 2. lethargic. 


The mental stat 


confused; 3. unconscious, responds to painful stimuli 


reflexes intact; 4. unconscious, no response to painful stimuli, reflexes absent 


TABLE 3. 


THE RELATIONSHIP BETWEEN MENTAL STATE AND BLOOD 6-KETO 
ACID CONCENTRATION BEFORE THERAPY 
No of Mean hlood B-ke lo acid Range 
Mental patients concentration, ex pre sed 
state ingroup as acetone, (mg. 100 ce High Lou 
Conscious 1908S 27 7.6 
Unconscious 7 $1.7 17.2 


Performed by the aniline citrite method in the Warburg apparatus. 


Complete tabulation of the blood 
ketone levels, carbon dioxide and glu- 
cose content, and pH values for each 
patient will appear in a future publica- 
tion. It is evident from inspection of 
Table 2 that, while there is a correla- 
tion of the mental state with the blood 
ketone levels on the average, there is 
great overlap. One patient with a nor- 
mal mental state had a higher blood 
ketone concentration than the average 
of the group that was totally unrespon- 
sive, and higher than any single patient 
who was unconscious yet responsive to 
pain. One totally unconscious patient 


function and therefore reason 
ably good compensating ability, had : 
more severe acidosis than did som: 
patients with 3 times the blood ketom 
concentration found here. Table 
shows the relationship of the blood 
B-keto acid level to the mental stat: 
Here again, while there is a correlatio 
on the average of the mental state to 
blood £-keto acid concentration, t! 
individual extremes are great. 

Table 4 presents follow-up data du 
ing therapy of 14 patients in an 
tempt to correlate the changes in the 
individual of the mental state relati' 
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to the blood ketone concentration. The 
trend of the blood ketone — level 
changes is toward normal, as are all 
the metabolic abnormalities in the 
patients who recover. But this change 
does not correlate well in time rela- 
tionship with the changes in clinical 
appearance. Patient A. M. appeared 
improved clinically as the blood ketone 
level rose, then later appeared less 


well as the degree of ketonemia de- 
creased. Shortly before death, the 
patient lapsed again into unconscious- 
ness, though the blood ketone level 
had dropped to 18.1 mg. At this time 
his arterial blood pH was 6.65, possibly 
the lowest to be reported in the 
literature. At autopsy, no disease other 
than the nonspecific changes of dia- 
betes could be found. It is interesting 


PABLE RELATIONSHIP BETWEEN MENTAL STATE AND BLOOD KETONE 
CONCENTRATION DURING THERAPY 


Interval after 
onset of 
Pati nt the rapy. (Ars 


P 0 


H.R ( 


22 


27 


In every case, the blood carbon dioxide content was less than 32 vols. per 100 ce. Mental state is 


Blood total ketone 


Mental — concentration, expressed 


state as acetone, (mg. 100 ce 
123.0 
2 
18.9 
2908 
134.6 
107.0 
85.5 
73.2 
+ 71.4 
2 60.6 
88.5 
l 25.1 
2 88.8 
1 75.6 
2 90.6 
25.2 
2 
2 $2.5 
? 83.5 
5.0 
2 82.0 
2 53.8 
12.1 
2 80.0 
2 59.6 
2 25.2 
2 2.8 
2 94.3 
2 77.0 
2 45.0 
2 39.0 
24.0 
53.3 
2 72.0 
2 59.0 
2 19.0 
3 18.1 


deseribed as follows: 1. normal; 2. lethargic, confused; 3. unconscious, responds to painful stimuli, 
reflexes intact; 4. unconscious, no response to painful stimuli, reflexes absent. 
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to note that in this patient, 2000 units 
of insulin were given within the first 
24 hours causing no improvement in 
his acidosis and no hypoglycemia, yet 
the blood ketone concentration showed 
a satisfactory return toward normal. 
Summary. There is practically no 
disagreement that all of the ketone 
bodies can cause toxic effects if given 
large 


enough doses, and some ob- 


servers demonstrated — specific effects 


on the respir atory and other brain 
centers. Furthermore, of the 3, ace- 
toacetic acid is most 


8-hydroxybutyric acid is less toxic we 
is in equilibrium with acetoacetic acid, 
and acetone is a decomposition prod- 
uct with low toxicity. 
to whether thev are toxic in the 
centration in which they appear in 
the blood in patients with diabetic 
acidosis is as yet unanswered. Though 
much direct experimental work has 
been done, the pitfalls are many, and 
it is not surprising that such a diver- 
sity of opinion exists. The ideal experi- 
ment has not vet been done in 
or animals, the former being impos- 
with safety, the latter difficult. 
But to simulate the ketosis of uncon- 
trolled diabetes, length of time may be 


The question as 
con- 


mat 


sible 


an important factor. Acute versus 
chronic toxicity of many materials 
varies greatly. It is possible that a 
blood ketone level in animals of 100 
mg. per 100 cc. may show no effects 
over a few hours, but, if it were main- 


tained for a week or so, it might be 
highly toxic. It has been shown that 
the required critical blood levels of 
ether to produce coma in dogs de- 
creases as the duration of administra- 
tion increases*®. The fact that ketosis 
is an absolutely constant finding in 
diabetic acidosis points naturally to a 
strong relationship between the two. 
Though individual response to drugs 
often varies greatly, if the ketone 
bodies themselves the dominant 
factor in the production of the coma 
state, then reasonable 


are 


some correla- 


THE 


ETIOLOGY OF DIABETIC COMA 
tion should exist between the blood 
ketone level and the clinical state, as 


level correlates with 


the blood ether 
the clinical state!’. All observers agree 
that the higher in 
than in but 
also. each observer has noted tremen- 


levels tend to be 


coma pre-coma groups; 
dous overlap. Of the 11 cases found in 
the literature blood. ketone 
levels determined during. ther- 
apy, there was poor correlation with 
the clinical Although the 
general trend is of back to- 
ward normal limits, nothing 
more than one of the v derange- 
ments that returns to normal with treat- 


W here 
were 


condition. 
course 

it may be 

many 


ment. Our findings in the 14 patients 
studied during therapy confirm the 
lack of good correlation. Even were 
there a good correlation, and even 
were there good evidence of ketone 
toxicity, the fact that a substance can 
be toxic does not mean in itself that 


it is the cause of 
svndrome. 
Conclusions. |. 


not seem to be the main cause of coma 


particular clinical 
Acidosis per sc does 


in diabetic acidosis, though it probably 
plavs an important role in the produc- 
tion of symptoms. 

2. It is highly unlikely 
ketone bodies are the 
of the 


seems more reasonable to 


the 


cause 


that 
primary 
coma. It 
their 
an indicator of metabolic 
derangements without particular toxi- 
city just as the 
urea is a nontoxic indicator of uremia. 
3. It has been shown frequently that 
many the 
clinical prognosis of 


clinical picture ot 
view 
presence as 


in themselves, blood 


factors must contribute to 
appearance 
the patient in diabetic acidosis. These 
probably include the degree and dura- 
tion of acidosis and ketosis, the sever- 
ity of the diabetes, the age and general 
health of the patient, the complications 
existing, the serum potassium concen- 
tration and others. 

4. It is possible that there is a potent 
agent, that 
the dominant factor in diabetic 


and 


as vet unknown, mav be 


coma. 
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For more than 75 vears the salicv- 
lates have been the drugs of choice in 
the treatment of rheumatic 
Many and variations 
been used in an effort to prevent toxic 


diseases. 
mixtures have 
effects and prolong the period of effec- 
tiveness after administration. Although 
probably as much _ investigation has 
been directed at the possible mode of 
action of the salicvlate drugs as anv 
other agents, their use has been empiri- 
their 
tributed to antipyretic and analgesic 


cal, and action generally at- 
effects. 

In 1946. Drv et al. described the 
svnergistic action of para-aminoben- 
administered with 
With the same amount of 
salicylate as used in a patient previous- 
ly, the addition of an equal amount of 


zoic acid sodium 


salicvlate. 


para-aminobenzoic acid increased the 
blood salicylate level 2 to 5 times. This 
was confirmed by Belisle’ who advo- 
cated the use of this combination of 
drugs in the treatment of rheumatic 
fever. Rosenblum and Fraser'™ found 
that para-aminobenzoic acid (PABA) 
administered in rheumatic fever had a 
therapeutic activity of its own. Depres- 
sion of fever and relief of joint pain 
were noted in 7 of their 9 cases after 2 
days of administration of 1 to 3 gm. 
every 2 to 3 hours. The lack of toxicity 
of PABA even in large doses has been 
widely 
(398 ) 


Another significant development in 
research on salicylates is their reported 
inhibitory effect on hyaluronidase. This 
the 
“spreading factor’, is an important ac- 
tivator in the breakdown of the mucoid 


enzvme. often referred to as 


ground substance of connective tissue. 
Hyaluronic acid is apparently the prin 
cipal constituent of this mucoid mate- 
rial, and is present in abundance in all 
the body tissues that become the seat 
of rheumatic disease*. It is. indeed 
noteworthy that the basic pathological 
lesion of all the rheumatic, or collagen 
diseases is focal degeneration in the 
interfibrillar 


substance of connective 


tissue. Mever and Ragan’ have also 
shown that the hvaluronic acid of th 
svnovial fluid in rheumatoid arthritis 
is increased in amount but is partially 
hydrolyzed, indicating either imper- 
tect polymerization of the poly saccha- 
ride or the presence of hyaluronidase 
Euler and Ahlstrom* demonstrated that 
salicvlates present in even low con 
centrations in the tissues inhibited th 
spreading effect of 
Guerra*t substantiated this finding o! 


the inhibitory 


hvaluronidass 
action of salicvlate or 


hyaluronidase by subcutaneous injec 
tion of hyaluronidase with a specia 
dve into rabbits and human beings 
Mever'® reported that Coss had con 
firmed the finding of a marked depres 


sion of hyaluronidase spreading 
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after administration of salicylate. He 
that this effect. as 
beneficial action of | sali- 
rheumatic manifestations 
might be in part an inhibition of hyalu- 
ronate production of me ssenchymal 
cells. Meyer's!' recently expressed idea 


suggested, however, 
well as the 


evlates on 


of possible antigenic tissue specificity 
of hyaluronidase might explain in part 
the difference in principal site of attack 
of various rheumatic or collagen dis- 
heart in rheumatic 
membranes in rheu- 
matoid arthritis, and blood vessel walls 
in periarteritis nodosa ). 

The inability to 


eases (such as the 


fever, synovial 


free 
in the blood or synovial 
fluids of patients with rheumatic dis- 
eases leaves us with the titer of anti- 
hyaluronidase in the serum as the near- 
est approach to an index of recent 
production of hyaluronidase in the tis- 
sues. In have 
demonstrated that streptococcal anti- 
hyaluronidase titers in rheumatoid 
arthritis were higher than in normal 
subjects or patients recently recovered 
from scarlet fever, 
with 

glomerulonephritis. 

The purpose of the present study 
was to observe the effect of: 1) salicy- 
2) combined - salicylates with 
para-aminobenzoie acid, and 3) para- 
iminobenzoic acid alone on patients 
with rheumatoid arthritis, particularly 
concerning blood salicylate levels at- 
tained and the possible changes in the 
intihvaluronidase antistreptolysin 
titers of the serum and synovial fluid of 
such patients, as well as for compari- 
son of clinical efficacy as judged by re- 
lief of pain and stiffness, and ease of 
joint motion. 

Method. Twenty-seven patients with 
ictive rheumatoid arthritis involving 
multiple joints with characteristic svno- 
vial swelling and elevated erythrocyte 


demonstrate 
hvaluronidase 


prev ious studies we 


but not as high as 


in patients rheumatic fever or 


lates, 
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sedimentation rate were chosen for the 
study. In each case, the control salicy- 
late level, antihyaluronidase titer and 
antistrepolysin titer were determined. 
The levels of antihyaluronidase titer 
were obtained by the mucin clot pre- 
vention method, but each was also 
checked by the turbidometric method. 
Antihyaluronid ise and antistreptolysin 
titrations were done as described else- 

The patient was then given 4 gm. 
(1 gm. 4 times daily) of ‘sodium sali- 
cylate for at least 1 ‘week, and the de- 
te rminations were re peate d. Clinical 
examination and questioning were Car- 
ried out to compare this drug with pre- 
viously used analgesics. Then, without 
the patient’s knowledge, Pabalate, a 
combination of sodium salicylate and 
para-aminobenzoic acid®, was given in 
doses of 4 gm. each of salicylate and 
PABA daily. After at least 1 week of 
constant administration of this prepara- 
tion, blood was again drawn, and the 
3 determinations made. Clinical evalu- 
ation of effect was repeated at this 
point. After this period the patients 
were given 4 gm. daily of PABA alone 
for at least 1 week, and again the 
serum levels were determined and clin- 
ical evaluation performed. All 3 types 
of medication were made to appear 
identical with enteric coating. In 4 
cases synovial fluids were aspirated and 
similar determinations made? Erythro- 
cvte sedimentation rates were re pe ated 
at the time the blood samples were 
taken. 

Results. The results are tabulated in 
Tables 1 and 2, where it is shown that 
in practically every case the adminis- 
tration of the sodium salicvlate with 
PABA (Pabalate) resulted in a defi- 
nitely higher salicylate level than with 
sodium salicylate alone in like amount. 

Clinically, the patients had some re- 
lief from pain and stiffness when re- 
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salicylates Pabalate but. 
no similar effect resulted from the 
para-aminobenzoic acid alone. Nearly 
all of the patients remarked that none 
of these tablets gave more relief than 
aspirin. It was impossible for us to 
differentiate the analgesic or clinical 


ceiving or 


the sodium salicylate alone. The effect 
of both on the sedimentation rate was 
slight. No rates were reduced more 
than a few millimeters throughout the 
study, and several were more rapid, 
even though the period of administra- 


TREATMENT 


OF RHEUMATOID ARTHRITIS 
tion of Pabalate was of 4 to 6 weeks’ 
duration in 12 of the patients. 

There was no significant change in 
the antihvaluronidase titer or in the 
antistreptolysin titer throughout the 
periods of administration of the various 


combinations of drugs. The joint fluids 


rABLE 1 EFFECT OF ADMINISTRATION OF SODIUM SALICYLATE AND PARAAMINOBENZOLC ACID 
SEPARATELY AND IN COMBINATION, TO 23 PATIENTS WITH RHEUMATOLD ARTHRITIS AS SHOWN 
BY BLOOD SALICYLATE LEVELS (IN GAMMA), ANTIHYALURONIDASE TITERS (A. HT AND ANTI 
STREPTOLYSIN TITERS (A. 5. 1 
Sod. Sa late Sod. Sa PABA 
Contr PABA ig nl 
I S Sa 1.41.7 {1.8.7 Nal 111.7 1.8.7 Sa 141.7 15.7 Sa 1.8.7 
G.M 63 M 0 D4 95 12 ) lt 
E.B 9 F 1.2* 192 24 6 128 a? 0 24 
E.R 71 F 0 iS 1S 4 02 iN 
M.B 7S M 04 is 1S $2 1S 06 lost 
E.W F 1S 16 nausea 4 a4 It 
E.B tt F 0 24 24 11s 2 0 24 24 
F.R 60 M 4 D4 12 of 12 1.5 4 0 12 lt 
H.G 14 M 0 192 192 5 12S “4 0 
B.M 25 F 24 {2 nausea 12 le 
V.d 7 F 0 192 4 nausea nausea 
F 0 192 0 128 12S 102 192 12S 
M.R M 0 iS 12S 0 2s is 
H.B if} F 0 23 1.2 24 nausea nausea 
A.¢ 0.3 tid nausea 2.8 12S 0.2 
G.M 4] F 0 1S 24 nausea nausea nausea 
C.M 40 F 0 lost 2.0 128 1S nausea 0 Th is 
A.M F of 12S 1.6 192 4 nausea 0 102 
M.R 70 F 0 is 1S 10 32 iS 1S t 
E.H 54 M tS 16 6.2 1S It 16 1S 

J.2 63 M of Iti 14 16 0 1th 
E.1 F 0.2 18 ‘4 nause 0 
* Had taken aspirin 
rABLE 2.— EFFECT OF ADMINISTRATION OF PABA AND SALICYLATE, SEPARATELY AND IN COMBINA 

PION, ON BLOOD AND SYNOVIAL FLUID** SALICYLATE LEVELS, A. S. T. AND A. H. IN 4 CASES OF 
RHEUMATOID ARTHRITIS 
So Salicylate Sod. Salu PABA 
Control laily PABA 4 gm. daily 
Tnit i ye Ser Sal 1.H.7 1.8.7 Sa 1.8.7 Sal 11.7 1.8.7 
W.M 31 M 0 12S 24 10 102 0 0 oF4 
W.M M 0 192 0.5 2 0 102 
F.S 24 F 0 16 2 16 
L. R.* 7 M 0.2 12 0) 12 
L.R 7 M 0.4 24 24 14 12 2 
H.H 14 F 0 4 nausea 1.4 It 0 lt 
H.H 14 F 0 16 9.4 16 
* Joint fluid 
* No free hyaluronidase could be detected in serum or synovial fluid 
effect of the Pabalate from that of were tested for the presence of free 


hyaluronidase. None could be demon- 
strated. 

Seven of the patients could not toler- 
ate sodium salicylate (even in enteric 
coated tablets) because of nausea 
Seven patients could not tolerate th 
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Pabalate because of nausea, and 2 pa- 
tients could not even tolerate PABA 
tablets. In all these cases the nausea 
did not appear until a day or two after 
the beginning of this ther: apy. 

Discussion. The reason for the 
development of nausea in the patients 
who apparently could not tolerate the 
sodium salicylate alone or in combina- 
tion with PABA is somewhat obscure. 
Since the symptoms appeared after 
administration of the drugs for a day 
or more it seems like ly that they are 
general re action 
after absorption rather than by local 
irritation of the stomach’. The enteric 
coated tablets have not prevented this 
complication. Why 2 patients could not 
tolerate even the PABA alone is even 
more obscure, but the identical appear- 
ance of the tablets with those that pre- 
nauseated them suggests a 
purely psvchic factor. 

The mere raising of the blood salicy- 
late level in rheumatoid arthritis does 
not seem to be of particular signifi- 
cance in producing greater relief from 
pain, as no clear correlation between 
the degree of relief and salicylate level 
could be noted. Since the effect of the 


produced by some 


viously 
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salicylate and PABA on the antihyalu- 
ronidase titer was negligible, 
method of study cannot be utilized to 
confirm previously reported antihyalu- 
ronidase effects from salicylate adminis- 
tration. In no case was the erythrocyte 
sedimentation rate reduced more than 
a few millimeters from the control rate, 
even on administration of Pabalate* 
for periods up to 6 weeks, so the drug 
apparently has no “specific” anti- 
arthritic effect. 

Conclusions. 1. Experiments on 27 
patients with rheumatoid arthritis con- 
firm earlier observations by others that 
the administration of a combination of 
sodium salicylate with para-aminoben- 
zoic acid produce s a higher blood sali- 
cevlate level than with an equal amount 
of salicvlate used alone. 

2. No change in the antihyaluroni- 
dase titer could be detected from the 
administration of salicylates alone or 
in combination with para-aminobenzoic 
acid. 

3. From a clinical standpoint, the 
combination of salicylate and para- 
aminobenzoic acid seems to hold little 
advantage over salicylates alone in the 
treatment of rheumatoid arthritis. 
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DirFERENT methods of measuring 
the erythrocyte sedimentation rate are 
widely emploved not only in closely 
associated hospitals but often even 
within the same hospital. Although all 
methods are based on the settling rate 
of erythrocytes from pli isma in anti- 
coagulated blood, the size of the tubes. 
anticoagulants used, and units of meas- 
urement differ widely among the var- 
ious methods. Furthermore, some 
methods correct for the influence of the 
total number of red blood cells or the 
packed red cell volume on the sedi- 
mentation rate; while other methods 
make no such correction. Hence, these 
variations in technique make correla- 
tion of absolute values of one method 
with another a confusing and difficult 
problem. This difficulty in interpreting 
corrected rates of sedimentation in 
terms of elevation or normalcy per se 
or in relation to prior or subsequent 
values obtained by various methods 
arises frequently in the care of rheu- 
matic fever patie nts, and of necessity 
is resolved largely by the experience 
and judgment of the individual physi- 
cian. 
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Studies correlating sedimentation 
rate determinations by various methods 
have been done. The Cutler, Linzen- 
meier, and Westergren methods were 
found by Greisheimer* to vield sedi- 
mentation measurements which clearly 
were “in part. specific for the technique 
MeKinlev® has demon- 
strated a coefficient of correlation of 


emplove 


0.77 between results obtained by the 
Westergren macromethod and the 
Kato micromethod. The methods of 
Linzenmeier, Westergren, Cutler, Win- 
trobe-Landsberg, and Rourke-Ernstene 
were compared by Ham* on the basis 
of the degree of fibrinogen-sedimenta- 
tion correlation for each technique and 
the accuracy of estimating fibrinogen 
from the sedimentation rate under 
similar experimental conditions. The 
correlation of the Rourke-Ernstene cor- 
rected sedimentation index with fibrino- 
gen was found to be linear; while the 
Wintrobe-Landsberg corrected rate 
correlation was described as roughly 
linear up to 400 mg. of plasma fibrino- 
gen and over this level disproportion- 
ately slow. 


* This study was supported by a grant from the Helen Hay Whitney Foundation. 
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The Wintrobe-Landsberg and the both correct for cell volume. Use of the 
Rourke-Ernstene, the latter often same tube and anticoagulant made 
slightly modified, are commonly used possible in a large series simultaneous 
methods of measuring the erythrocyte sedimentation rate measurements by 
sedimentation rate. Each of these tech- both the Wintrobe-Landsberg and the 
niques employs the same sedimentation Rourke-Ernstene methods on the same 
tube, often the same anticoagulant, and sample of blood. The purpose of this 
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1.—Rourke-Ernstene Hematocrit Correction Chart. The sedimentation rate is recorded in 
nm. per minute. (Reproduced from the original article? with permission of authors and 


publisher.) 
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di 
report is: first, to compare the absolute pipette into the standard Wintrobe tube, an 
values of the overall range and the both for of 
established limits of normal for the ‘tins of the ted blood cells and for he 
lifted hematocrit. Readings to the half millimeter 

introbe - Landsberg — anc modifiec in accuracy were recorded every 5 minutes mM 
Rourke-Ernstene methods; second, to for 1 hour, and the rate of fall in mm. per h: 


compare their respective hematocrit 
correction charts; and, third, to prepare 
a graph for the conversion of values of 
one method into terms of the other. 


Material Studied and Methods. The pres- 
ent report is based on the study of 2709 
bloods routinely drawn by venous puncture 
at the House of the Good Samaritan. The 
erythrocyte deter- 
mined both by the Wintrobe-Landsberg and 
modified Rourke-Ernstene methods on each 


sedimentation rate was 


minute was determined for the most rapid 
10-minute-period of fall. The sedimentation 
tubes were then spun for 30 minutes at 3000 
readings then 
corrected sedimentation index 
determined, using the Rourke 
This chart is 


and the hematocrit 
made. The 
was finally 
Ernstene correction chart!..7, 
reproduced in Fig. 1. 

The corrected sedimentation index by th 
Wintrobe-Landsberg method was arrived at 
on the same blood and by the same technical 


procedure, except that only the total fall 
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SEDIMENTATION RATE. mmiN ONE HOUR 


VOLUME of PACKED RED CEL 
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Fic. 2.—Wintrobe-Landsberg Hematocrit Correction Chart. (Reproduced from the origina! 
articles with permission of the authors.) 


of these. The technique used by us was in | hour was recorded and the Wintrob 
as follows: Venous blood was collected in Landsberg hematocrit correction chart8 w 
a clean dry syringe without venous stasis. used. This chart is reproduced in Fig. 2. 
Three cubic centimeters of the blood were 

immediately transferred to a test tube con- 
taining the oxalate mixture described by 
Heller and Paul* and advocated by Ham’. 


Results. A comparative study was 
made of the uncorrected sediment.- 


The tubes were prepared by drying in an 
oven after introduction of 1 cc. of solution 
made up on 6 gm. of crystalline potassium 
oxalate and 9 gm. of crystalline ammonium 
oxalate dissolved in 2500 cc. of distilled 
water. Within 3 hours after the collection, 
the blood was well mixed by tipping and 
was then introduced by a clean dry capillary 


tion indices of the 2709 pairs of deter- 
minations by the 2 methods. Space 
does not permit publication of every 
one of the pairs of indices. Therefore 
the results have been condensed in 
12 groups and are presented in Table |. 
The range for the Rourke-Ernstene | 
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dices is 0.00 to 2.00 mm. per minute, 
and the range for the Wintrobe-Lands- 
berg indices is 0.0 to 59.1 mm. per 
hour. From the original data the 
medians and the 95 percentile ranges 
have been computed for each of the 


TABLE 1. 


OF ERYTHROCYTE SEDIMENTATION 
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RATES 
12 groups and are shown in Tables 2 
and 3. In Table 2 the uncorrected 
Rourke-Ernstene indices are used as 
the basis of comparison; while in Table 
3 the uncorrected Wintrobe-Landsberg 
indices are used as the basis of com- 


CORRELATION OF 2,709 PAIRS OF UNCORRECTED 


SEDIMENTATION INDICES 


Rourke-Ernstene Sedimentation Rate Indices 
mm. per min. 
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parison. The median and_ percentile 
ranges were preferred as a basis of 
comparison to the mean and standard 
deviation because of marked skewing 
of the distribution curves in the selec- 
ted categories. Data of Tables 2 and 


3 are graphically presented in Fig. 3, 


Rourke-Ernstene 


Range Median 
mm. minute mm. hour 
OU to 10 
11 to 20 67 
21 to 80 ll 4 
31 to 15.8 
al to 60 23.2 
61 to 70 27 4 
Tl to .80 
Sl to 1.00 $5.9 
1.01 to 1.25 
1.26 to 1.50 
1.51 to 2.00 1S 2 


Wintrobe 


Range Median 

mm. hour mm.) min, 
Oto 5.0 7 
5.1lto 9.0 17 
9 1 to 14.0 27 
14.1 to 17.0 $7 
17.1 to 20.0 $5 
20.1 to 26.0 6 
26.1 to 29.0 67 
29.1 to 33.0 74 
33.1 to 40.0 SS 
410.1 to 45.0 1.16 
45.1 to 50.0 1.35 
50.1 to 55.0 1.67 


the data of Table 2 being represented 
by solid lines and of Table 3 by the 
broken lines. The graphs were pre- 
pared by plotting for one method the 
medians and the range within which 
95% of the tests fall against the corre- 
sponding mid point of each of the 12 
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groups of the other method. Fig. 3 
clearly demonstrates the agreement of 
uncorrected sedimentation indices ob- 
tained by each method. In spite of the 
lack of linearity, the coefficient of cor- 
relation between these two methods 
was 0.94. 


TABLE 2.—COMPARISON OF UNCORRECTED SEDIMENTATION INDICES BY ROURKE 
ERNSTENE AND WINTROBE-LANDSBERG METHODS, USING THE ROURKE-ERNSTENE 
METHOD AS THE BASIS OF COMPARISON 


Corresponding Indices by 
Wointrobe -Landshe rg thod 


95°) Range 


Number 

mm hour mm. hour of case 8 
2 150 
10.0 $36 
14.8 855 
19.9 11.0 342 
24.3 14.1 355 
28.5 262 
34.2 21.0 260 
38.1 24.4 202 
42.6 159 

18.6 143 

51.6 +8 
56.9 35.3 87 


TABLE 3.—COMPARISON OF UNCORRECTED SEDIMENTATION INDICES BY ROURKE 
ERNSTENE AND WINTROBE-LANDSBERG METHODS, USING THE WINTROBE- 
LANDSBERG METHOD As THE BASIS OF COMPARISON 


Corre sponding Indice 8 by 
Rourke-Ernstene Method 


Range 
Number 


mm. min mm./min of cases 
20 2038 
39 1] 282 
+1 14 $45 
ol 24 248 
61 32 S47 
74 42 324 
89 52 192 

1.18 63 196 
1.64 64 208 
1.90 83 124 
1.97 1.02 99 
1.99 1.28 34 


Inspection of Fig. 3 indicates that 
the medians are almost superimpos- 
able. Because of this high correlation 
and similarity a single curve is pre- 
sented in Fig. 4 so that it may be used 
in a practical manner for converting 
results of one method to that of the 


4 
Se 
— 
2 


— 


@ 


CORRELATION OF 


other. The 95 percentile ranges have 
been similarly united in Fig. 4; the 
curves have been smoothed  graphi- 
cally. 

In view of the high correlation of the 
overall range of sedimentation rates of 
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rection based on an arbitrary normal 
hematocrit. The established normals 
have been corrected to these hemato- 
crits. The Rourke-Ernstene technique, 
for which the upper limit of normal 
corrected sedimentation index is 0.40 
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ROURKE - ERNSTENE INDICES 
MM. PER MINUTE 


Fic. 3. 


Correlation of sedimentation indices by Wintrobe-Landsberg and Rourke-Ernstene 


inethods. Medians and 95 percentile ranges above and below the medians are indicated. The 

solid lines represent the relationship when Rourke-Ernstene indices were used as basis of 

comparison. The interrupted lines represent the relationship when Wintrobe-Landsberg indices 
were used as basis of comparison. 


the 2 methods, it was of interest to 
study the relationship of the estab- 
lished normal values for each method. 
Since the sedimentation rate is affected 
by the blood cell volume, both the 
liourke-Ernstene and the Wintrobe- 
Landsberg techniques involve a cor- 


mm. per minute® for both males and 
females, corrects all sedimentation 
rates to a hematocrit of 45%. 

The Wintrobe-Landsberg method 
corrects to an arbitrary normal hemato- 
crit of 47% for men and 42% for women. 
The Wintrobe-Landsberg established 


* Rourke and Ernstene use 0.388 mm. per minute as the upper limit of normal for the 
corrected sedimentation index. At the House of the Good Samaritan, it has been customary to 
use 0.40 mm. per minute as upper limit of normal. 


LOS MAHONEY, 
upper limits for normal corrected sedi- 
mentation indices are 20.0 mm. per 
hour for females, and 9.0 mm. per hour 
for males. 

For valid comparison of the normal 
ot corrected indices for each 

it is obvious that different 
“normal” hematocrits cannot be used, 


ranges 


method. 
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20.0 mm. per hour to 16.0 mm. per 
hour, and for males from 9.0 mm. per 
hour to 12.0 mm. per hour. 

Attention should be called to the fact 
that Wintrobe and Landsberg believed 
that normal have a somewhat 
slower sedimentation rate than normal 
females; whereas Rourke and Ernstene 


males 


RELATIONSHIP OF 


$27 


484 


325 


WINTROBE -LANOSBERG INDICES 
MM. PER HOUR 


WINT ROBE -LANDSBERG 
AND ROURKE - ERNSTENE 
SEDIMENTATION RATES 


— 


° 0.2 04 0.6 


median and 95 percentile range above 


Therefore, we have arbitrarily chosen 
45% as the “normal” hematocrit. With 
this figure the upper limit of normal for 
the corrected sedimentation index re- 
mains 0.40 mm. per minute for the 
Rourke-Ernstene method. the 
figure 45% for the normal hematocrit 
is applied to the Wintrobe-Landsberg 
correction chart, the upper limit of 
normal for females is changed from 


0.8 

ROURKE - ERNSTENE 
MM. PER MINUTE 


12 4 
INDICES 


1.0 


Fic, 4.—A chart obtained by combining the data of Fig. 3 and constructed for the practical 
purpose of converting sedimentation rates of one method into terms of the other method. The 
and below the median are indicated. 


found no such difference between the 
sexes. It is evident from Fig. 4 that 
the Wintrobe-Landsberg upper limit of 
normal for females (16 mm. per hour 
on basis of 45% hematocrit) is practi- 
cally indentical with the Rourke-Ern- 
stene upper limit of normal for males 
and females (0.40 mm. per minute on 
the basis of a 45% hematocrit). If the 


Wintrobe-Landsberg upper limit of 
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normal for males is converted by Fig. 4 
to the Rourke-Ernstene index, it is 
found that the corresponding upper 
limit for the Rourke-Ernstene method 
would be only 0.28 mm. per minute. 
Obviously certain sedimentation —in- 
dices for males which would be con- 
sidered to be normal by Rourke and 
Ernstene would be classified as abnor- 
mally rapid by Wintrobe and Lands- 
berg. Our data do not indicate which 
interpretation is correct, but for pur- 
poses of comparison we have arbitrari- 
ly chosen 0.40 mm. per minute for the 
Rourke-Ernstene and 16.0 mm. per 
hour by the  Wintrobe-Landsberg 
method as the upper limits of normal 
for both sexes. 


the Wintrobe-Landsberg method (less 
than 16 mm. per hour). 

Of more practical importance in con- 
nection with the problem of converting 
from one method to the other is the 
fact, evident from Fig. 4, that a Win- 
trobe-Landsberg index of above 22 
mm. per hour would be also abnor- 
mally rapid (above 0.40 mm. per min- 
ute) by the Rourke-Erstene method. 
W Mis He Landsberg indices of 11.0 
mm. per hour or less will ordinarily be 
normal (less than 0.40 mm. per min- 
ute) by the Rourke-Ernstene method. 

If the comparison is made in the 
reverse order, it is evident that a sedi- 
mentation rate above 0.52. mm. per 
minute by the Rourke-Ernstene meth- 


TABLE 4. COMPARISON OF THE ROURKE-ERNSTENE AND WINTROBE-LANDSBFRG 
METHOD WITH RESPECT TO NORMALITY 


Le NSN than 


mmohro  O4Omm. min. 
Less than 
16.0 1055 


More than 


Wintrobe- Landshe rq Method 


128 
Total 

number 

ofeases 


‘Using these figures for upper limits 
of normal, we have determined the 
number of tests normal by one method 
which would be abnormal by the other, 
and the number of tests abnormal bv 
one method which would be normal 
by the other. These data are presented 
in Table 4. It is evident that of a total 
of 1183 tests which were normal by 
the Rourke- Ernstene method (less 
than 0.40 mm. per minute) only 128 

(10.8%) were abnormally rapid by the 
Wintrobe- Landsberg method (above 
16.0 mm. per hour). Furthermore, of a 
total 1526 tests which were abnormally 
rapid by the Rourke-Ernstene method 

(above 0.40 mm. per minute) only 37 
or 2.4% were within normal limits by 


Rourke-Ernstene Method 


More than Total number 
O40 mm. min. of cases 
37 1092 
1489 1617 
1526 2709 


od would practically always be above 
the upper limit of normal (16.0 mm. 
per hour) by the Wintrobe-Landsberg 
method. Sedimentation indices of less 
than 0.26 mm. per minute by the 
Rourke-Ernstene method would almost 
invariably be normal (less than 16.0 
mm. per hour) by the Wintrobe- 
Landsberg method. 

In Fig. 4 the shaded area represents 
the range in which the indices of the 
two different methods may disagree in 
respect to normality. All indices below 
the shaded areas will be normal by 
both methods, and all indices above 
the shaded area will be abnormally 
rapid by both methods. 


t 
S 
a 


Finally an attempt has been made to 
determine whether a close correlation 
still holds when uncorrected indices by 
each of the two methods are corrected 
for variations in hematocrit, the cor- 
rection for the Wintrobe-Landsberg in- 
dices being made from the correction 


U'neorrected indices 


chart of Wintrobe and Landsberg and 
the correction for the Rourke-Ernstene 
indices being made from the correction 
chart of Rourke and Ernstene. In effect 
this is a test of the similarity of the 
two different correction charts. For this 
‘study, the data of which are shown in 
Table 5, the following procedure has 
been followed: 


A series of Rourke-Ernstene uncorrected 
indices covering the range 0.10 to 1.30 mm. 
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per minute were arbitrarily chosen. These 
are recorded in column 1. The arbitrary 
hematocrits 35, 38, 40 and 43% were chosen 
and these are recorded in column 3. The 
indices in column 1 were corrected for the 
various hematocrits by  Rourke-Ernstene 
correction chart, and these corrected indices 
are recorded in column 4. From the median 


TABLE 5. COMPARISON OF HEMATOCRIT CORRECTIONS BY THE ROURKE 
ERNSTENE AND WINTROBE-LANDSBERG METHODS 


Corrected Corrected 
from Fig. 4 R-I 
Corrected converted Corrected converted 
l 4.2 $5 0 0 0 0 
12.8 $5 10 O4 1.5 2 
5 20.6 85 20 17 7.6 8 6 
7 28.8 35 34 4 14.5 14 4 
9 36.2 35 tS 2000 
$1.6 35 60 24.5 24.8 
1.3 15.6 35 74 67 27 6 302 
l 2 38 0 0 0 0 
12.8 38 15 11 ts 66 
o 20.6 38 28 27 115 12.0 
7 28.8 38 14 Is 
9 36.2 38 59 60 25.0 24.4 
1.1 41.6 38 73 72 4 00 
16.6 38 SS SO 4 
l 4.2 0 0 1 4 
12.8 10 16 7.0 
20.6 10 14.3 14.5 
7 28.8 40 5] 51 21.0 21.0 
9 36.2 40 67 GS 28 
1.1 41.6 10 82 80 3.2 
1.3 16.6 10) 98 90 38.6 
l 13 07 OG 0 26 
5 12.8 13 25 25 Ws 18 
5 20.6 13 42 17.5 
7 28. 8 1S 62 62 95.5 25 6 
9 36.2 13 80 81 $33.0 3205 
1.1 41.6 $3 98 96 0 iS 
1.3 16.6 13 1.09 3.0 
(Col. l Col. 2) Col. 3 Col Col. 5 Col. 6 Col. 7 


curve in Fig. 4 the uncorrected Wintrobe 
indices corresponding to the various uncor- 
rected Rourke-Ernstene indices of column 
1 were determined, and these are recorded 
in column 2. The indices of column 2 were 
corrected for the various hematocrits by 
the Wintrobe-Landsberg correction chart, and 
these corrected indices are recorded in col 
umn 6. From the median curve of Fig. 4 
the Wintrobe-Landsberg indices correspond- 
ing to the various corrected Rourke-Ernstene 
indices of column 4 were determined, and 
these are recorded in column 7. In similar 


be 
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fashion from the median curve of Fig. 4, the 


Rourke-Ernstene indices corresponding — to 


the corrected Wintrobe-Landsberg indices of 
column 6 were determined, and these are 
recorded in column 5. 


The similarity of the corresponding 
figures in columns 4 and 5 and of the 
corresponding figures in 6 and 7 is 
apparent. This similarity in turn in- 
dicates close agreement in the hemato- 
crit corrections obtained by the Win- 
trobe-Landsberg chart and by the 
Rourke-Ernstene chart. 

Conclusions. 1) The erythrocyte sedi- 
mentation rate was determined by 
both the Wintrobe-Landsberg and 
Rourke-Ernstene methods on each of 
2709 blood samples, and the results ob- 
tained by one method were correlated 
with those obtained by the other. 

2) The coefficient of correlation of 
these two different methods was found 
to be 0.94. 


3) Of a total of 1183 tests which 
were normal by the Rourke-Ernstene 
method 128 (10.8%) were abnormally 
rapid by the Wintrobe-Landsberg 
method, and of 1526 tests which were 
abnormally rapid by the Rourke- 
Ernstene method, 37 (2.4%) were within 
normal limits by the Wintrobe-Lands- 
berg method. 

4) The hematocrit correction chart 
used in the Wintrobe-Landsberg meth- 
od was found to give results very 
similar to that obtained by the Rourke- 
Ernstene correction chart. 

5) A chart has been constructed 
which shows the relationship of the 
sedimentation rates obtained by the 
two different methods. This chart mav 
be useful for converting the results of 
one method into terms of the other. 
The range in which indices normal by 
one method overlap with indices ab- 
normal by the other is indicated. 
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RELATION OF SODIUM CHLORIDE DEPLETION 
TO URINE EXCRETION AND WATER INTOXICATION ® 


By R. 


RESEARCH ASSOCIATE 


BrisroL, M.D. 


IN PHARMACOLOGY 


(From the Wayne University College of Medicine) 
DETROIT, MICHIGAN 


THe metabolism of sodium chloride 
has received considerable attention in 
the clinical literature in recent vears. 
Evidence has been obtained to show 


the beneficial effects of diets low in 
sodium chloride in the treatment. of 
cardiac failure? and certain cases of 


hypertension*”, However, the possibil- 
itv that diets low in sodium chloride 
may produce untoward effects has re- 
ceived little attention. Schroeder! re- 
ported a condition which he refers to 
in which 
there occurred renal failure secondary 
to low sodium 
This svndrome was observed in patients 


as the “low salt svndrome” 


serum concentration. 
in cardiac failure who were receiving 
mercurial diuretics. Low serum sodium 
levels were noted in cases of nephrosis 
with edema. The administration of 
parenteral hypertonic sodium lactate to 
such patients produced a diuresis and 
decrease of edema?. McGuire® also 
found elevated blood urea and creatin- 
ine levels in patients with a low serum 
sodium which were reversed by the 
administration of salt. 

It is evident, then, that if 
sodium falls to too low a level it mav 
interfere with renal function. Although 
all of the above papers point out that a 
severe restriction of dietary sodium mav 
affect renal function, no experimental 
studies have been reported. The present 
report ascertained some of the effects 
of sodium depletion in 2 species of 
experimental animals. Studies on urine 
excretion during water tolerance tests 
were performed in both the normal 


serum 


and salt depleted dog and rat. Observa 
tions were also made on the relationship 
of sodium chloride depletion to the 
development of water intoxication as 
evidenced by anorexia, apathy, irrita 
bilitv and convulsions. 


Methods. Albino rats (200 to 300 gm.) and 
adult mongrel dogs were used in this study 
Sodium depletion was accomplished by glu 
cose injection’. In this technique intraperi 
toneal glucose is administered. As the glucos: 
is absorbed a certain amount of sodium chlo 
ride will cross the peritoneum and be present 
in the peritoneal solution. At a maximum tim 
interval a paracentesis can be performed re 
moving glucose together with a large amount 
of sodium chloride The dogs received intra 
peritoneally 5% glucose, 100 kg. of 
body weight. All the intraperitoneal fluid wa 
removed 5 hours later by paracentesis unde: 
pentothal anesthesia. In most of the cases t} 
same volume of fluid was recovered that ha 
been originally injected. The rats received in 
traperitoneally 30 cc. of 5% glucose. The intr: 
peritoneal fluid was removed by paracentes 
3 hours later under ether anesthesia. 
Following the paracentesis, the dogs ar 
rats were placed on a low sodium diet? at 
allowed to equilibrate before being hydrat: 
pertorme 


CC DeT 


Hydration studies in dogs were 
only after the serum sodium levels had stal 
lized. No studies were done on the rats for 
1 davs. the first hvdrations being perform: 


routinely on the Sth day after paracentes 


+Diet: Casein 19.7 
Lard 21,22 
Sucrose 55.20 
Bone Ash 2.56 
Potassium Phosphate 0.1¢ 
Yeast Extract 0.45 
Mag Sulfate 0.1¢€ 


Fe Am Citrate 0.23 % 
Ca Lactate and Phosphate 
Oleum Percomorphum 


10 drops/} 2. 


* This study was aided by a grant from Parke, Davis & Co. 
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SODIUM CHLORIDE DEPLETION 


rhe last 2 dogs in Fig. 1 received a sodium 
idsorbing resin (SKF-648), 25 “m. per day, 
in their diet. Each rat also received as part 
of his low salt diet an average 0.33 gm. of 
this resin per day. 

Hydration studies were made on the dogs 
before and after sodium depletion, the ani- 
mals being hydrated through a Levine tube 
with 25 cc. of water per kg. of body weight 
per hour for 7 to 10 hours*. The urine output 
was measured hourly, and in the tabular data 
urine excretion is reported as the per cent 
output of the total hydrating dose at the end 
of the 7th hour. Hydrations were often con- 
tinued beyond this time in attempts to produce 
the symptoms and signs of water intoxication. 
lhe rats received a dose of water equivalent 
to 6% of the total body weight4. Four such 
doses were given at hourly intervals and 
urine output was measured for a total of 7 
hours. The urine outputs are reported in per 
cent of total hydration. 


URINE EXCRETION 
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the hydration tests performed, thus allowing 
a comparison of urine output to various levels 
of serum sodium concentration. 


Results. A. Rate of excretion of water 
vs. serum sodium concentration in the 
dog. Five dogs were studied and a 
definite correlation was obtained be- 
tween the serum sodium concentration 
and the ability of the kidneys to excrete 
forced water (Fig. 1). For example, the 
3rd dog with a normal serum sodium of 
145 mEq. per liter excre ted 68% of the 
administered water, but excreted only 
29% when the serum sodium was de- 
creased to 132 mEq. There are succes- 
sive increases in urinary output in this 
dog as the serum sodium was allowed 
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Fic. 1.—Relation of urine output to serum LL. in 5 ee ves ite with water. Each 
group of consecutive bars represents the results obtained in a single dog. Serum, sodium and 
chloride, in mEq. per liter, were determined just before the first hydration. 


Blood samples were taken on the dog at 
the beginning and. end of each hydration 
study. Samples of blood were taken from the 
heart of the rat at the end of the 7th hour. 
rhe serum sodium concentrations were deter- 
mined with the Perkin-Elmer Flame Photom- 
eter. In determining the serum chlorides the 
Eisenman modification of the Volhard-Send- 
ray’ technique was used. 


With this technique of paracentesis the 


serum sodium may be lowered a number of 
times and during each period of equilibration 


to increase. Every dog in this series 
responded in a similar manner. 

B. Relationship of symptoms and 
signs to serum sodium level in the dog. 
During the maintenance period after 
the sodium depletion, all dogs devel- 
oped anorexia. The severity of the 
anorexia seemed to be related to the 
decrease in serum sodium. When the 
dogs were hydrated certain symptoms 


In this test the output represents a combination of vomitus and urine and is inaccurate 
regarding urine excretion alone. 
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and signs developed which were more 
severe in dogs with the lower serum 
sodium levels. The dogs developed 
nausea and vomiting, apathy, coarse 
fibrillary twitchings, generalized mus- 
cular irritability which in certain cases 
progressed to disorientation, convul- 
sions, and finally, if salt was not admin- 
istered, death. The greater the sodium 
depletion the more rapid the progres- 
sion of the symptoms. In one dog at a 
serum sodium level of 139 mEq. signs 


of water intoxication did not develop 


100 
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11S mEq. These symptoms were re- 
lieved administering 
saline, intravenously. 

C. Urine output vs. serum sodium 
concentration in the rat. A typical study 
of the effect of serum sodium on urine 
excretion in the rat is illustrated in Fig. 
2. It can be seen that the urinary out- 
put decreased as the serum sodium was 
lowered. These studies differ from the 
dog in the fact that the rat serum sodi- 
ums were determined at the end of 
the 7th hour so that thev are the result 
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Relation of serum sodium to urine excretion in a typical test on hydrated rats. Serum 


sodium in mEq. per liter was determined at end of 7th hour. 


until after the 10th hydration. The same 
dog with an initial sodium of 134 mEq. 
developed convulsions after the 8th 
hydration. In another dog with 124 
mEq. of sodium only 6 hydrations were 
required to produce convulsions. These 
symptoms were not observed in normal 
animals even after 12 doses of water. 

One of the dogs progressed sponta- 
neously to the stage of coarse fibrillary 
twitchings and disorientation 48 hours 
after the second paracentesis. Its serum 
sodium concentration at that point was 


of salt depletion plus hemodilution. 
Nevertheless the serum sodium at this 
time always correlated with the urine 
excretion. The data obtained with 56 
rats are summarized in Table 3. For 
comparison with the rat data serum 
sodiums were also determined in 22 in- 
stances in the dogs at the end of th 
7th hour. These are compared in Fig. 3 
and show a close correlation between 
the 2 species. As the serum sodium de- 
creased in either the rat or the dog the 
urine output fell from normal contro! 
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values of 70% to values averaging 30%. 

Discussion. In pre-renal failure, such 
as exists in cardiac failure, there is a 
retention of sodium which holds water 
and produces an increase in extracellu- 
lar volume. Little has been said about 
the reverse of this situation, that is, just 
what might happen to renal excretion it 
the serum sodium concentration should 
be below normal. The value of sodium 
chloride restriction in patients with car- 
diac failure and in some with hyper- 
tension is well known. However, serum 
sodium may fall in such patients to 


tial dietary restriction of sodium chlo- 
ride may aid in relieving edema, the 
serum sodium may fall to levels that 
interfere with urine excretion Causing, 
instead, a reaccumulation of body 
fluids. 

It is difficult to produce any symp- 
toms in animals with normal serum 
sodium concentrations during water tol- 
erance tests. In the salt depleted ani- 
mal, however, one can readily produce 
signs of water intoxication, namely, 
anorexia, vomiting, apathy, coarse 
fibrillary twitchings, weakness, convul- 
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hic. 3.-Summary of urine output obtained at various ranges of serum sodium, determined 
at end of 7th hour in the dog and rat. 


levels that interfere with the excretion of 
urine, thus causing a retention of body 
water. A few such cases have recently 
been reported wherein patients being 
treated for cardiac failure eventually 
show an increased retention of fluids 
even though the serum sodium concen- 
trations are quite low'**1°, In the pres- 
ent study with the lower levels of serum 
sodium concentration in both the rat 
and dog, one can produce a marked 
delay in the excretion of administered 
water. These findings in the dog and 
rat are similar to those reported in 
man’! and indicate that although ini- 


sions, and even death. These are the 
same signs as have been noted in the 
low salt syndrome of Schroeder’? in 
human beings, and by Swingle et al.'” 
in the dog. It is reasonable to believe 
that in decreasing the serum concentra- 
tion of sodium, the chief extracellular 
electrolyte, one disturbs the osmotic 
equilibrium between the intra-extracel- 
lular fluid compartments, the latter 
becoming hypertonic, relative to the 
former. This means that fluid will shift 
into the cell. 

A correlation between serum sodium 
and renal excretion may be noted in 
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adrenal insufficiency. In adrenal insuffi- 
ciency with low serum sodium there is 
a marked decrease in ability to excrete 
forced water ( Robinson-Power-Kepler 
Water Test )*. Signs of water intoxica- 
tion may develop and can be relieved 
by the administration of sodium chlor- 
ide. Dogs and rats in the present study, 
although having intact adrenal glands, 
show a similar correlation between 
serum sodium and urine excretion. The 
signs of water intoxication in such ani- 
mals can also be relieved by the admin- 
istration of sodium chloride, and _ this 
means of treatment should be used in 
patients on a low salt diet in whom the 
serum sodium concentration has fallen 


URINE EXCRETION WATER INTOXICATION 
or low serum sodium values. In the dog 
and rat the reduction of serum sodium 
can markedly interfere with the excre- 
tion of the administered water. There 
is a definite correlation the 


decrease the 


between 
sodium and 
amount of urine excreted. 


2. There is a_ definite relationship 


in serum 


between the serum sodium concentra- 
tion and the rapidity of progression of 
signs and symptoms of water intoxica- 
tion. As the serum concentration was 
lowered, fewer hydration doses of water 
were required to produce this intoxi- 
cation. 

3. The effect of low sodium on urine 
excretion in these animals is discussed 


Vi 
to low levels. in relation to the fluid retention and de 
Summary. 1. Water tolerance. tests signs or symptoms that may occur in 
were performed in animals with normal — patients receiving a low salt diet. to 
tO 
REFERENCES 
1. Darrow, D. C., and Yannet, H.: J. Clin. Invest., 14, 266, 1935. au 
2. Fox, C. L., Jr., and McCune, D. J.: Am. J. Med. Sci., 216, 1, 1948 t]} 
3. Grollman, A., Harrison, T. R., Mason, M. P., Baxter, J., Crampton, J., and Reichsman, ss 
: J. Am. Med. Assn., 129, 533, 1945. 
1. Hays, H. W., and Mathieson, D. R.: Endocrinol., 37, 147, 1945 © 
5. Kempner, W.: Ann. Int. Med., 30, 821, 1949. al 
6. McGuire, W. B., Jr.: J. Am. Med. Assn., 137, 1377, 1948. p 
7. Merrill, A. J.: Am. J. Med., 6, 357, 1949. a 
8. Peters, J. P., and Van Slyke, D. D.: Quantitative Clinical Chemistry, vol. 2, p. 837, Bal 
timore, Williams & Wilkins, 1931. e 
9. Robinson, F. J., Power, M. H., and Kepler, E. H.: Proc. Staff Meet. Mavo Clinic, 16, I 
1944. 
10. Schroeder, H. A.: J. Am. Med. Assn., 141, 117, 1949. ' ty 
11. Soloff, L. A., and Zatuchni, J.; Thid., 139, 1136, 1949. e 
\ 
ic 
i 
| 
t 
4 
| 


3 
ewe 
“ky 
4 
| 
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ARTIFICIAL respiration is the most 
vital therapeutic measure in preventing 
death from acute anterior poliomyelitis. 

Standard tank, “iron-lung”, respira- 
tors have usually been depended upon 
for effective artificial respiration in 
acute poliomyelitis but have the dis- 
advantage of encasing the patient from 
the neck down, making him relatively 
inaccessible for nursing care, physical 
examinations and parenteral medication 
and feeding. They have an adverse 
psychological effect on the patient. A 
recently developed cuirass type respi- 
rator avoids many of these difficulties. 
It is applied only to the patient's ante- 
rior chest and upper abdomen. This 
type of respirator, accepted for limited 
by the Council 


emergency use on 
Physical Medicine of the American 
Medical Association*®, was given a 


clinical trial by the Poliomyelitis Serv- 
ice of the New York Hospital in 1949 
itter preliminary observations had in- 
dicated that it apparently produced 
idequate ventilation®:*. F urther studies 
were made on this Service in 1950, com- 
paring the effects of this respirator with 
tank respirators on patients convales- 
cing from acute poliomyelitis with res- 
piratory insufficiency. 


New York, N. Y.) 


Observations on these patients indi- 
cate that this type of cuirass respirator 
is not the mechanism of choice in ad- 
ministering artificial respiration to pa- 
tients with acute poliomyelitis. 


Methods. 
mented by 
were made 
tients on 
Ventilation 
convalescent 


Clinical observations supple- 
blood and alveolar air analyses 
2 acutely ill poliomyelitis pa- 
whom the cuirass was used. 
studies were performed on 5 
poliomyelitis patients. Autop- 
sies were performed on 3 patients who died 
following periods of 4 to 24 hours in the 
cuirass respirator. 


on 


Two identical cuirass respirators were used t 
(Fig. 1) consisting of a plastic shell which 
fitted snugly to the  patient’s anterior 
chest and upper abdomen. The plastic shell 
was within a rubber ring which 
could be inflated to prevent leaks between 
the patient's torso and the shell. Controlled 
positive and negative pressures to 20 
mm. Hg were supplied to the «interior of 
the shell by an electrically driven pump 
which could have its rate controlled from 
15 to 24 complete respiratory cycles per 
minute. Although the apparatus was designed 
to provide greater pressures, levels consis- 
tently higher than 20 mm. Hg were difficult 
to maintain without applying the shell so 
tightly that it caused excessive discomfort 
to the patient. The respirators used pro- 
duced a Sine-wave type pressure curve. 

Tank type respirators were standard 
Drinker and Emerson models. Arterial blood 
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oxvgen and carbon dioxide contents and 
oxygen capacity were determined with the 


Van Slyke-Neill manometric apparatus'®. Ve- 
nous plasma carbon dioxide combining powers 
were determined by the method of Peters and 


Van Slyke!5. Additional oxyhemoglobin 
saturations were determined with the Milli- 
kan Oximeter!™, Arterial blood pHs were 


determined in duplicate by the photometric 
method22, or with a Beckman pH meter and 
glass electrode. Urine pH’s were determined 
by sodium dinitrophenylazo-naphtholdisulfon- 
ate nitrazine paper. 

Alveolar air samples were obtained through 
a tracheal catheter by repeated small col- 
lections at the peak of the positive pressure 
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RESPIRATOR 


Autopsies were done by members of thi 
Departinent of Pathology, Cornell University 
Medical College. 


Observations. Figure 2 demonstrate: 
the clinical course of a 34-year old mal 
who had spinal and bulbar paralytic 
poliomyelitis. His ventilation became 
insufficient shortly after admission. to 
the hospital. He was nearly comatose 
at this time but not cyanotic. A cuirass 
respirator Was applied, tracheotomy, 
performed and a No. 5 tracheotomy 


tube with the inner cannula removed 


Fic. 1. 


phase of several respirator cycles. Samples 
were analyzed in duplicate with a 0.5. ce. 
Scholander micro-gas analyzer? and alveolar 
p O, (partial pressure of oxygen) and p CO, 
(partial pressure of carbon dioxide) were 
calculated from the percentage composition 
of the gases in the samples. Serum sodium 
and potassium were analyzed with a flame 
photometer. Ventilation was measured with 
a Tissot gasometer using %3-minute expired 
air collections. Vital capacity was measured 
with a Sanborn closed circuit BMR_ spirom- 
eter calibrated by a Tissot gasometer. Max- 
imum breathing capacity and residual air 
were determined by methods described by 
Baldwin et 


The Cuirass Respirator. 


was inserted. Humidified oxygen wa: 
delivered directly to the tracheotom 
tube by a No. 10 catheter with a mul 
tiple pertoration tip at a rate of 6 liter 
per minute. Under this regimen the 
patient's color was good, and his lung 
appeared to be well aerated on exter 
nal chest examination. He remained i: 
stupor for the next 5 days, and wa 
only semitucid for the ensuing 4 days 
He was febrile throughout this period 

Twelve hours after being placed it 
the the patient 


cuirass respirator 
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venous plasma carbon dioxide com- 
bining power was greater than 85 
vols./100 ce. and 24 hours later a sim- 
ilar elevation was noted. His urine pH 
at this time was highly acid. An arterial 
blood pH was 7.35, on the acid side of 
the normal range of 7.38 to 7.46'. 

\rterial oxygen saturations deter- 
mined by blood gas and oximetric anal- 
vsis were 95% or greater throughout the 
patient's course while he was receiving 
oxygen. 
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elevated. Following a period of in- 
creased shortness of breath during un- 
assisted breathing, and with the reali- 
zation that he suffered respiratory 
acidosis, he was transferred to a tank 
type respirator, run at a pressure of 15 
cm. water and a rate of 16 per minute. 
This apparently increased his ventila- 
tion, for over the next 36 hours his 
carbon dioxide combining power fell 
from 73 to 56 vols./100 cc. Associated 
with this fall, there was a clearing in 
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15 CM.H30 
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Fic. 2.—Hospital Course of a 34 year old male. 


Because of his excellent oxygena- 
tion, it was not immediately realized 
that the high carbon dioxide combining 
power and blood acidosis in this patient 
were the result of insufficient pulmo- 
nary ventilation with inadequate car- 
bon dioxide elimination. As a result he 
remained in the cuirass respirator until 
his 30th hospital day. Throughout this 
time, although he was gradually able 
to be without artificial respiration for 
as long as 8 hours a day, his carbon 
dioxide combining power remained 


sensorium and improvement in sense of 
well being. Seven months after the 
onset of acute poliomyelitis this patient 
no longer needed artificial respiration 
and had a maximum breathing capacity 
of 49% of normal. His residual air was 
194% of the expected normal volume. 
The residual air/total capacity ratio 
was 53% (normal 20%) indicating that 
he had developed pulmonary emphy- 
sema. 

Figure 3 presents data obtained dur- 
ing the period of artificial respiration 
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on a 19-year old male with acute polio- 
myelitis who during the preceding 4 
days in the hospital had demonstrated 
progressive spinal paralysis with de- 
creasing ventilatory excursions. On his 
5th hospite ul day he deve loped severe 
ventilatory insufficiency. The cuirass 
respirator was applied ‘and oxygen ad- 
ministered by nasal catheter at 5 liters 
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culty in keeping the airway free of ob- 
structing No. 5 
tracheotomy inner 
nula 


fied 


secretions, and 
tube with the 


Was 


a 
can- 
Humidi- 
directly 
tube No. 


removed inserted. 


oxygen delivered 
to the ‘tracheotomy 
10 catheter. On the ye respirator 
day arterial pil was 7 At the 
time the arterial plasma ci ciettiain dioxide 


Was 


bv a 


same 


per minute. The following morning he content was found to be 129.6 
was partially disoriented. He then  vols./100 cc. over twice its normal 
lapsed gradu: lly into coma. These level of 60 vols./100 cc. The alveo- 
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AURICULAR ark 
55 FLUTTER SHC 
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CUIRASS TANK 
RESPIRATOR RESPIRATOR 
PRESSURES 20-25 MM.HG PRESSURE 15 CM H 
DAY 1 2 3 4 6 7 8 
Fic. 3.—Hospital Course of a 19 year old male. 
phenomena at the time were attributed lar air contained carbon dioxide at a 


to progression of his acute poliomye litis. 

The day after he was placed in the 
respirator his venous plasma carbon 
dioxide combining power was 68 vols. 
/100 ce. Arterial oxygen saturation on 
this and the next 2 days was 100%. Dur- 
ing the ensuing 4 days in the cuirass 
respirator the venous plasma carbon 
dioxide 
climbed _ to 


combining power gradually 
100 vols./100 ec. On the 
third re spirator day a tracheotomy was 


performed because of progressive diff- 


partial pressure of 99 mm. Hg (normal 
40 mm. Hg). The arterial oxygen had 
fallen to 80% saturation despite the con- 
tinued administration of oxygen. Deep 
tracheobronchial failed to 
demonstrate any obstructing tracheo- 
bronchial secretions. It was evident that 
this patient’s ventilation was insuffici- 
ent either to oxygenate him or to elimi- 
nate adequate amounts of carbon diox- 
ide from his alveoli. He was transferred 
to a tank respirator in an effort to in- 
crease his ventilation. This maneuver 


suctioning 
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was associated with a rapid fall in the 
venous plasma carbon dioxide com- 
bining power. At the same time urine 
pH increased to 8.5 as base was ex- 
creted by the kidneys and a diuresis of 
3500 cc. occurred. This alkaline diuresis 
and tall in carbon dioxide combining 
power indicated that the patient was 
now eliminating carbon dioxide. How- 
ever, he had been in coma for 4 davs 
before this maneuver, had developed 
auricular flutter and hyperpyrexia, and 
had suffered irreversible damage. Three 
days after being transferred to the tank- 
tvpe respirator, in spite of the improve- 
ment in ventilation, he developed vas- 
cular collapse and died. 

ComMeENT. Partially or wholly com- 
pensated respiratory acidosis due to 
failure of dioxide elimination 
was not prevented in these 2 acutely ill 
patients when artificial respiration was 
attempted with the cuirass respirator. 
Both patients apparently increased 
their elimination of carbon dioxide 
when placed in tank respirators, indi- 
cating that their effective ventilation 
had been increased. 


carbon 


Measurements comparing the effects 
of the cuirass respirator and the tank 
respirator on convalescent patients with 
re spiratory insufficiency are listed in 

Table 1. These 5 patients were able 
to breathe without artificial respiration 
for periods of from ’ to 16 hours. Each 
was well into convalescence when these 
studies were performed, and relatively 
out of danger from the standpoint of 
acute respiratory insufficiency. Each 
had a low resting tidal volume com- 
pared to the normal male adult tidal 
volume of 500 to 600 cc. and breathed 
with a marked increase in respiratory 
rate. Each had been in a tank respirator 
for at least 2 weeks and had, in addi- 
tion, received artificial respiration on a 
fast rocking bed'* for various periods 
of time. Each coordinated effectively 
with these different types of respira- 
tors. Observations were recorded only 
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after several trials in the cuirass respi- 
rator when the patient had become ac- 
customed to its action. 

ComMENT. The data of Table 1 
demonstrate that these patients 
achieved from 34 to 100% greater venti- 
lation per respirator cy cle in tank re spi- 
rators than they did in the cuirass type 
at equivalent pressures. In fact, tank 
respirators produce ed from 15 to 41% 
greater ve ntilation per respirator cycle 
at —15 cm. H,O pressure than did the 
cuirass respirator at the greater nega- 
tive pressure of —20 cm. H,O. 


Moderate to severe anterior pulmo- 
nary emphysema was found at autopsy 
on 3 patients for whom the cuirass 
respirator was used before the above 
data on ventilation were available. 
These patients had cuirass respirator 
periods of from 4 to 24 hours preceding 
death and were in no other type of 
respirator. Since emphysema has been 
demonstrated in patients treated with 
tank respirators'’'*, these findings are 
not unique to treatment with the cuirass 
model. One of the 3, however, suffered 
severe abrasions from the rubber at 
the site of application of the chest piece 
and the prevention of such rubber 
burns in each acutely ill patient on 
whom the cuirass was used presented a 
significant nursing problem. 

Discussion. Blood acidosis, with a 
high CO, content and low pHM resulting 


from re spiri atory insufficiency . has re- 
ceived incre asing attention tie recent 
clinical 


tidal volumes fall as the result of par- 
alysis of the respiratory musculature, 
alveolar ventilation diminishes sharply. 
Near-normal minute volumes may be 
maintained by increasing the respira- 
tory rate, but ‘effective alveolar ventila- 
tion will not be maintained since with 
diminished tidal volumes a proportion- 
ately greater amount of each breath is 


required to fill the respiratory dead 
space. Thus, less inspired air flushes 
oxygen 


the alveoli, alveolar tension 
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falls and alveolar carbon dioxide ten- 
sion rises. Because of the shape of the 
oxyhemoglobin dissociation curve, a 
relatively large reduction in alveolar 
oxygen tension must occur before a 
significant fall arterial oxvhemoglo- 
bin saturation results. If a gas mix- 
ture rich in oxygen content is inspired, 
as when oxygen therapy is given, fur- 
ther protection against anoxemia_ is 
afforded. 

In contrast to these factors which 
tend to prevent anoxemia when alveo- 
lar ventilation is reduced, an accumula- 
tion of carbon dioxide in the alveoli and 
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increases due to insufficient alveolar 
ventilation, arterial blood carbon di- 
oxide (carbonic acid) concentration 
increases and the blood pH shifts to a 
more acid level. This may occur within 
a few minutes after a sustained fall 
tidal volume. 

Homeostatic compensation for this 
and readjustment of blood 
pH to normal, is achieved by the kid- 
neys excreting acid salts and conserv- 
ing approximately 20 vols./100 cc. of 
bicarbonate for each vol./100 cc. of 
carbonic acid which accumulates. This 
compensatory mechanism is reflected by 


acidosis, 


TABLE 1.—THE EFFECT OF THE CUIRASS AND TANK RESPIRATORS ON THE 


VENTILATION OF PATIENTS RECOVERING FROM ACUTE 


POLIOMYELITIS 


WITH RESPIRATORY INSUFFICIENCY 


Resting ventilation ( 

Rate Ce Ry spirator Rate 

pe r Tidal Hal pre per 

Pt min rolume capacity em. 11.0 min 
“rom To 

M.D +4 183 370 +2 15 

34 M 20 2 1d 

H.H 32 274 915 15 16 

28 M 20 4+2 16 

EF. $2 283 160 15 +2 16 

16 M 2042 16 

36 180 398 +2 16 

Is M 20 +2 16 

J.F 30 280 £90 15 » 16 


blood can be prevented only by main- 
taining alveolar ventilation. Arterial 
blood pH is normally confined within 
the relatively narrow limits of 7.38 to 
7.46 by the buffer system established 
between free carbonic acid (H.CO,; ) 
and bicarbonate (BHCO,). According 
to the Henderson-Hasselbach equation, 
the normal arterial ratio of H.CO,/ 
BHCO, acid equals 1/20. 
Since the tensions of carbon dioxide 
in the pulmonary alveoli and arterial 
blood are close 


bicarbonate 


equilibrium®", 
when alveolar carbon dioxide tension 


poy 
Tn n fidal volume 


With tani 


WITASS Tar With tan at 
r cn orer 

Rate ( at equivatent cnrrass at 
Tidal per Tidal pressures + 
rolume min. volume 154+2em pressure 
260 15 $88 
345 

625 15 O45 +1‘ 
670 15 1340 100! 

865 190 34 15 

427 15 610 3° 

370 15 57 

15 670 SS‘ 

$11 15 612 22 

508 720 


combining 
power, and is a relatively slow process 
involving wide changes in the extracel- 
lular fluid electrolyte pattern which 
may take days to comple te. Even after 
re adjustme nt of the blood pH, the 
elevated alveolar and arterial blood 
carbon dioxide tensions persist. 

High concentrations of carbon diox- 
ide in the blood result in hypertension’, 
stupor, delirium, coma‘ **, and vascular 
coll sO phenomena freque ntly en- 
countered i pi atients with respiri atory 
paralysis associated with acute polio- 
mvyelitis. Therefore, artificial respiration 


a rising carbon dioxide 
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EVALUATION 


to be eflective must insure adequate 
elimination of carbon dioxide as well 
as physiological oxygenation. 

Neither the absence of cyanosis nor 
the direct measurement of levels of 
arterial oxygenation within the normal 
range can be relied upon in completely 
evaluating the adequacy of re spiration. 
This is demonstrated by the fact that 
both the acutely ill patie nts treated by 
the cuirass respirator had abnorm: illy 
increased alveolar carbon dioxide ten- 
sions, calculated at greater than 71 mm. 
Hig in the the first and directly deter- 
mined at 99 mm. Hg in the second. 
\rterial oxygen saturation remained 
high for at least part of the time that 
carbon dioxide was piling up in both. 
Both these patients suffered hyperten- 
sion, delirium and coma during the 
period when their carbon dioxide ten- 
sions were elevated, and one died with- 
out ever recovering from coma. 

The initial clinical impression that 
tank respirators achieve greater ventila- 
tion than the cuirass was confirmed in 
the studies on convalescents. In. this 
group the tank respirator produced 
significantly larger tidal volumes than 
the cuirass in every patient. 

Inadequate ventilation and re spira- 
tory acidosis can occur in some patients 
even in tank respirators®:'* during the 
acute stage of poliomyelitis when 
muscle tightness and cryptic secretions 
reduce tidal volume, and fever and 
infection add to metabolic demands. 
Any device which achieves less ventila- 
tion than the tank, therefore, cannot 
be considered the agent of choice in 
managing patients in this stage of the 
disease. In this study, contrary to expec- 
tations, the cuirass respirator was found 
to achieve less ventilation than the tank 
respirators in every patient tested. 

Complete analysis of the factors that 
reduce the efficiency of the cuirass in 
‘omparison to the tank respirator is be- 
vond the engineering experience of the 
tuthors. Bedside observation, however, 
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suggests that the shape of the cuirass 
itself is responsible. Thus during each 
inspiratory cycle the cuirass constricts 
the anterior chest at approximately the 
level of the 2nd to 4th rib and prevents 
full expansion of the postero-lateral 
thoracic wall from the level of approxi- 
mately the 4th to llth ribs. It seems 
to give mainly anterior pulmonary ex- 
pansion in these areas which usually 
expand both anteriorly and_ late rally 
during inspiration in the tank re spirator. 
In addition, during inspiration the 
cuirass compresses the lower abdomen 
and exerts negative pressure on the 
upper abdomen in order to lower the 
diaphragm. If gastric distention, which 
is fre “que ‘ntly seen in patients acute ly ill 
in respir: ators, is present, the inside of 
the shell at times actually compresses 
the upper abdomen, forcing the dilated 
stomach into the diaphragm and limit- 
ing inspiration in that way. 

Therefore, only when the advantages 
offered by the cuirass are compelling, 
and when the amount of ventilation 
produce ‘d can be determined by spirom- 
eter to be sufficient, does it seem 
desirable to use this device in its pres- 
ent stage of development. Even when 
it produces adequate ventilation, the 
chest constriction which occurs would 
seem to limit the utilitv of the cuirass 
to short periods of time. 

Summary. 1. The effects ofa cuirass 
respirator have been evaluated on 10 
patients with respiratory insufficiency 
due to acute poliomyelitis. Two  pa- 
tients were studied during their acute 
illness, 5 patients were studied during 
convalescence while they still needed 
artificial respiration, and 3 patients 
were examined at autopsy. 

Blood acidosis, due to failure of 
carbon dioxide elimination from the 
lungs, was a manifestation of respira- 
tory insufficiency in 2 acutely ill pa- 
tients, and occurred in the absence of 


anoxemia. 
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3. Respiratory acidosis was not pre- 5. Anterior pulmonary emphysema 
vented or corrected in these 2 acutely was seen at postmortem examination 
ill patients by artificial respiration with i" the 3 patients who died following 
treatment in the cuirass respirator. 

6. Only when the advantages offered 
by the cuirass respirator are compelling, 
and when the amount of ventilation 
' produced can be determined to be phy- 
lent pressures than did a cuirass respi- siologically sufficient, does it seem de- 
rator on 5 convalescent patients with sirable to use this device in its present 
paralyzed respiratory musculatures. stage of development. 


a cuirass respirator, but was at least 
partially corrected by tank respirators. 
4. Tank respirators produced from 34 
to 100% greater tidal volumes at equiva- 


The authors express their appreciation to Miss Dolores Lukas of Cornell University Medical 
College and Dr. Betty S. Roof of the Rockefeller Institute of Medical Research for technica! 
assistance, and to Dr. Stephen Vogel, Asst. Prof. of Clinical Pathology, Cornell University 
Medical College, for aid in the interpretation of the pathological material 
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THE body respirator, since its devel- 
opment for clinical use in 1929 by 
Drinker and Shaw“, has been the most 
effective and widely used method for 
the prolonged treatment of respiratory 
paralysis. It has been referred to as an 
“ideal mechanical means of simulating 
normal costal respiration”, and “an 
imitation of the natural mechanism of 
respiration’. The machine is generally 
believed to imitate normal breathing 
because the negative intratank pres- 
sure used is associated in the minds of 
most people with the normal negative 
pressure of the interpleural space. 

In the published descriptions of the 
mechanical principle by which the 
respirator ventilates the Jungs, the 
“vacuum” within the tank is spoken of 
as “expanding the thorax.” It is a fun- 
damental principle of physics that 
“vacuum” is a purely relative term and 
refers to the existence of a pressure 
lower than a reference pressure. When 
a “vacuum” appears to perform work, 
the work is in reality done by the 
reference (relatively positive) pressure. 
Recognition of this principle necessi- 
tates a re-statement of the manner in 
which the respirator produces res- 
piration. 


Fenn’ and Henderson* have called 
attention to the fact that the negative 
pressure phase of the body respirator 
produces respiration in the same man- 
ner as positive pressure applied to the 
upper airwav by the familiar devices 
for clinical application of pressure 
breathing. If this be so, then the dele- 
terious effects of pressure breathing 
on the circulation? must be taken into 
consideration in the treatment of res- 
piratory paralysis in the presence of 
circulatory instability. Moreover, 
the types of respiration produced by a 
positive pressure apparatus and by the 
body respirator are equivalent, this 
fact would be of importance in con- 
sidering the use of positive pressure 
appliances suggested for use simulta- 
neously with the respirator? 

The frequently observed failure of 
respirator users to recognize the com- 
parability of the 2 methods led to a 
series of experiments which were de- 
signed to demonstrate graphically the 
effects on the circulation of pressure 
applied to the airway in the conven- 
tional manner and by means of 
decreasing the pressure around the 
patient's body.+ 


* Aided by a Grant from the National Foundation for Infantile Paralysis. 


There is, 


of course. an air density difference between the 2 methods. 


Applica- 


tion of pressure to the upper airway will affect to a negligible degree the partial pressure 
pulmonary gases and will cause a slight increase in tidal volume. In an adult with a func- 
ional residual volume of 3000 ml., the increase would be approximately 60 ml. per breath, if 
he added pressure went to 15 mm. Hg above the ambient pressure. Further, reduction 
{ pressure around the body creates, in theory, a ventilating gradient somewhat sooner (by a 
ew thousandths of a second) than positive airway pressure because of the greater speed of 


lid body than gaseous transmission. 
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POINT PRESSURE 
The crucial point in 
the demonstration of the comparability 
of respiration produced by the 2 
methods of establishing a pressure 


REFERENCE 
\MIEASUREMENTS. 


FOR 


gradient is the question of base line. 
It is conventional to measure vascular 
and other pressures in the body with 
ambient pressure as the base line. For 
example, a person at sea level with an 
arterial blood pressure of 110/60 mm. 
Hg has, in absolute terms, a blood 

oOo 
words, 110/60 above a base line of 760. 
When the individual moves to an area 


pressure ia in other 


WHITTENBERGER: 


pressures should be measured relative 
to the ambient base line, it is apparent 
that pressures in the respirator patient 
should measured to the 
pressure inside the tank, and not rela- 


be relative 
tive to the atmospheric pressure. Fig. 
1+ demonstrates that the intratracheal 
pressure of a respirator subject is not 
a straight line, as it is usually visual- 
ized, but, when referred to the proper 
base line, is a positive pressure half 
sine wave which is the reverse of the 
negative intratank pressure curve. Fig. 
intratracheal 


2 represents pressure 


when the method of artificial respira- 


PRESS, — 

MANOMETER OUT- 

SIDE RESPIRATOR = \ 


MEASURING PRES- \ 
SURE WITHIN \ 
RESPIRATOR “10 — 


MANOME TER IN- 
SIDE RESPIRATOR = | 
DO TRACHEAL 
PRESSURE 

+ 5 


Fic. 1. 


of reduced barometric pressure of, for 
example, 740 mm. Hg, his body tissues 
virtually instantaneously assume the 
new ambient pressure, and his blood 
110 740 


pressure would be (still 
‘ 

110/60). Failure to change the base 

line for pressure measurement from 


760 to the new ambient pressure of 
740 would give the individual an ap- 
parent, but erroneous, blood pressure 


of 90/40. If one agrees, then, that 


Lower tracing (dog) demonstrates that respirator patient is being subjected to positive 
endotrache: 


pressure, 


tion is alternated between rubber bag 
compression with a standard anesthesia 
machine and the body respirator em- 
ploving negative pressure. Only close 
scrutiny slight differences, 
which are attributable to the inability 
of the operator to produce a_ perfect 


reveals 


half sine wave by manual compression 
of the anesthesia bag. In Fig. 3 is seen 
a comparison of pulmonary artery and 
left auricular pressures during res- 


+ The pressures in all illustrations were measured with the Electromanometer, using a 
differential condenser microphone pressure pick-up, and recorded on a multi-channel direct- 
writing oscillograph, courtesy of the Sanborn Company, Cambridge, Mass. 
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piration by the 2 methods. The pres- 
sure changes in these portions of the 
vascular system are identical for the 
2 methods when correct base lines are 
used, 

Tue Bopy Respraror Crircuia- 
rory Barach, Fenn, Ferris 
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among these mechanisms are an in- 
crease in peripheral venous pressure 
and peripheral vasoconstriction, both 
of which (in different manners) help 
to restore the normal pressure gradient 
from the peripheral veins to the right 
auricle. 


hic. 2.—Endotracheal pressure (dog) in relation to subject's ambient pressure (manometer in 

respirator), Me thod of respiration alternated between negative respirator pressure and positive 

pressure with standard anesthesia machine. Change occurs at each signal marker. Scales: left, 
positive pressure by anesthesia machine; right, intratank pressure. 


PRESSURE - 
mm PULMONARY 
ARTERY 


LOFT 


hic. 3.—Anesthetized dog. At left: positive pressure breathing (+15 cm. HO by anesthesia bag 
oimpression) substituted for normal respiration at first signa) marker. At right: body respirator 
15 cm. HO) begun at first signal marker. Manometer base lines at ambient pressure. 


ind Schmidt! have summarized evi- 
lence for the existence of a number of 
ompensatory mechanisms which com- 
ine to maintain adequate circulation 
i the presence of the increased intra- 
horacic pressure associated with pres- 
ure breathing in normal subjects. Chief 


On the other hand, Carr and Essex? 
have shown that, in the presence of 
circulatory stress, positive intratrach- 
eal pressure is not well tolerated. 

It was decided to investigate simi- 
larly the circulatory effects of the body 
respirator in dogs whose compensatory 
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circulatory mechanisms were compro- 
mised. The circulation was jeopard- 
ized by barbiturate poisoning, spinal 
anesthesia, or hemorrhage. In the first 
2 methods, control of tone in the periph- 
eral circulatory bed is largely 
in the last method, the compensatory 
constrictor mechanisms of the periph- 
eral bed are emploved in 
overcoming reduction in blood volume. 
Under each of these stress conditions, 
the additional burden of 
breathing—whether applied in 


lost: 


vascular 


pressure 
the 


20 +00 
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sure in the thorax to be negative rela- 
tive to the patient's body, and thus 
increases venous return and aids circu- 
lation. One might, therefore, expect 
that a respirator operated with a pres- 
range of —10 to 10 cm. 
would have a less deleterious effect on 
a failing circulation than a respirator 
operated with a pressure range of —20 
to 0. Fig. 5 demonstrates that such is 
the case in an animal suffering from 
blood loss. When the combination of 
positive and negative intratank pres- 


sure 
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ont 

64 35 60 


hic. 4 


Femoral artery pressure in dog suffering from circulatory and respiratory depression due 


to barbiturate poisoning. Top: body respirator (—20 cm. H,O to O) started at first signal, ended 
at second signal. Center: the same with electronically integrated mean pressure. Bottom 
positive pressure breathing (+20 cm. H,O to O) with anesthesia machine begun at signal mark. 


usual manner or by use of the body 
respirator—produced a severe fall in 
systemic arterial blood pressure (Fig. 
4). Clinical confirmation of these re- 
sults has been obtained in a series of 
patients to be reported subsequently. 
Use or Positive INTRATANK PRESSURE. 
intratank pressure causes 
the pressure in the thorax to be positive 
relative to the patient’s body, and thus 
reduces venous return to the heart. A 
corollary postulate would be that posi- 
tive intratank pressure causes the pres- 


sures is used on this animal, an even 
larger total ventilating gradient can be 
used without resulting in circulatory 
depression. 

Seevers and Waters'® have reported 
that the combination of positive and 
negative intratank pressures —main- 
tained the circulation of dogs under 
high spinal anesthesia much _ better 
than did either type of pressure alone. 
It is interesting to note that the use of 
combined positive and negative in- 
tratank pressures rather than the usual 
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negative pressure alone converts an 
intermittent positive pressure device to 
the physiologic equivalent of a “suck 
and blow” type of resuscitator. 
Discussion. Appreciation of the 
mechanism of respiration in the body 
respirator allows one to apply the 
knowledge concerning positive pres- 
sure breathing to the patient who is 
being treated in the respirator. Circu- 
latory changes that may occur are: 4, 
impairment of the circulation (fall in 
blood pressure and decreased cardiac 
output); b, rise in venous pressure’; ¢, 
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Although enumeration of these cir- 
culatory changes may appear to 
constitute an indictment of the body 
respirator, it should be pointed out 
that the large majority of patients can 
be expected to tolerate 15 to 20 cm. of 
intermittent intratracheal positive pres- 
sure (that is, 15 to 20 cm. negative 
intratank pressure) without difficulty. 
Moreover, if circulatory depression oc- 
curs, the addition of positive intratank 
pressure (accomplished on most  res- 
pirators by simple closure of a_ flap 
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hic. 5.—Dog with reduced blood volume due to hemorrhage. Respirator started at signal mark. 
Positive and negative intratank pressure prevents reduction of blood pressure. 


decrease in circulating blood volume 
because of decreased capillary reab- 
sorption of fluid due to higher pressure 
it the venous end of the capillary’; 
d, increased filling of the venous bed 
ind arteriolar constriction’; e, increase 
n cerebral venous and cerebrospinal 
luid pressures’. These effects become 
considerable import when one con- 
iders the frequency with which cir- 
ulatory collapse and cerebral edema 
cur in association with pathological 
nditions causing respiratory paraly- 
poliomyelitis and infectious 
lyneuritis. 


valve) should minimize the circulatory 
depression due to the respirator. 

The body respirator is an adequate 
method of giving intermittent positive 
pressure respiration without the use of 
a mask in, for example, the treatment 
of pulmonary edema. Wolfe and Mur- 
phy’? were the first to report the use 
of the body respirator in the treat- 
ment of cardiac failure. Their patient, 
who had cardiac failure with orthop- 
nea, dyspnea, and palpitation, was 


dramatically relieved by the respirator. 
As postulated by Werko"!, the reduced 
venous return and reduced output of 
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the right heart may be of value when 
the left ventricle working at maximum 
capacity is unable to maintain pulmo- 
nary venous pressure at a normal level. 

Summary. Experimental evidence is 
presented to demonstrate that respira- 
tion produced by decreasing the pres- 
sure around the body (as in the body 
respirator), — is physiologically and 
mechanically the same as respiration 
produced by increasing the pressure 


BODY 


RESPIRATOR 


in the upper airway (as by a pressure 
dome over the head). The circulatory 
depression produced by the body res- 
pirator in the presence of a failing cir 
culation may be profound; this eftect 
can be minimized or averted by addi- 
tion of a positive phase within the 
respirator. The use of negative intra- 


tank 


positive pressure respiration without 


pressure is a method of giving 


the use of a mask. 
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From the 
Coldwater Memorial Hospital Weltare 
Medic ithe 


and Radiology, 
Wer have recently seen several pa- 
tients presumably with mitral stenosis 
heart 
left) auricle 
not be demonstrated by Roentgen- 
We therefore undertook a clinical 

pathological study to determine 
whether there are individuals in whom 
lesions ot 
but in whom roentgenological evi- 
of Jett auricular enlargement is 
This hospital is well-suited for 
such a study since it is the recipient of 


due to rheumatic disease in 


whom an enlarged could 


the classical mitral stenosis 
exist, 
dence 


absent. 


large numbers of individuals with 
chronic heart disease. 

ROENTGEN MANIFESTATIONS OF LEFT 
\URICULAR ENLARGEMENT. A. brief 


view of the development of left auricu- 
lar enlargement as noted on roent- 
genologic examination is given in order 
to call attention again to some of the 
variations in this process. In the order 
of appearance, enlargement of the left 
wricle occurs initially posteriorly, then 
o the right, superiorly, and to the 
left®. The earliest sign of left auricular 
nlargement is encroachment the 
best seen in the 
ight anterior oblique position, with 
ompression or displacement of the 


retrocardiac space, 


Vhird (New York University) Medical Division and the Department of Radiology 
Island, New York and the Departments of 
New York University-Bellevue 


Medical Center) 


barium-filled esophagus in its middle 
retrocardiac segment}? 

In the P-A view, the esophagus 
usually deviates to the right with left 
auricular enlargement. This occurs in 
part because the esophagus is eccen- 
trically placed to the right of, as well 
as behind, the left auricle?, and because 
of the concomitant right ventricular 
enlargement with resultant clockwise 
rotation of the heart (as seen from 
below)". In the occasional instance 
where the esophagus is directly behind 
the summit of the left auricle, it will 
not be deviated in the P-A yview?, but 
may deviate to the left. Rarely, a nor- 
mal left eccentric course of the esoph- 
agus is responsible for its deviation 
to the left. but more frequently it is 
the result of adhesions between the 
esophagus and an elongated trans- 
verse arch of the aorta. According to 
Schwedel'®, these adhesions are found 
in over 75% of adults at necropsy. When 
the aortic arch elongates due to disease 
processes, the esophagus may be de- 
viated to the left in the P-A view, if 
these adhesions are present. Occasion- 
ally an enlarged right auricle is associ- 
ated wth deviation of the esophagus to 
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the left, or there may be mediastinal 
adhesions pulling the esophagus to the 
lett. When the esophagus deviates to 
the left, it will no longer be a border- 
forming structure with respect to the 
heart in the right anterior oblique posi- 
tion, and posterior displacement in the 
right anterior oblique position cannot 
be used as a criterion for left auricular 
enlargement!®. When this occurs, other 
criteria for left auricular enlargement 
must then be relied upon, such as 
retrocardiac bulging in the right an- 
terior oblique position, elevation or 
compression of the left main bronchus 
with widening of the tracheal angle? 
'# and double contour. With extreme 
left auricular enlargement, projection 
of the left auricle to the left bevond 
the pulmonary artery segment of the 
left mid-cardiac border may be seen. 
This is responsible for a double con- 
tour seen in the P-A view. 

POSTMORTEM Stupy. The records of 
all patients who at postmortem ex- 
hibited unequivocal mitral stenosis 
were reviewed. Thirty of these patients 
had satisfactory radiological studies 
during life. Of these, 24 were con- 
sidered to have had an enlarged left 
auricle antemortem on the basis of 
roentgenologic findings. The 6 cases in 
which no left auricular enlargement 
could be demonstrated in life are brief- 
ly presented. 


Case Reports. Case 1.—M. I., a 75-year-old 
white female, developed signs of cardiac fail- 
ure at the age of 69 and was digitalized. 
There was no history of rheumatic fever. The 
blood pressure was 190/70. A systolic and a 
diastolic murmur were heard at the aortic 
area, as well as a systolic and occasional dias- 
tolic murmur at the mitral area. Regular 
sinus rhythm, later, auricular fibrillation, and 
terminally, nodal rhythm were noted on the 
electrocardiogram. Roentgenogram and fluor- 
oscopy revealed no left auricular enlargement, 
despite an enlarged heart. The left mid- 
cardiac segment was concave. At postmortem, 
the heart weighed 380 gm. There was thick- 
ening of the left auricular wall, but the cavity 


was of normal capacity. The mitral and 
aortic valves were stenotic and insufficient. 

Case 2.—W. E., a 58-year-old white female 
with no history of rheumatic fever, was ad- 
mitted to this hospital in cardiac failure. 
Subsequently, several embolic episodes oc- 
curred. She later became febrile and subacute 
bacterial endocarditis was suspected, but re- 
peated blood cultures were sterile. On physi- 
cal examination, the blood pressure was 
105/65 and a rumbling diastolic murmur was 
heard at the apex. The electrocardiographic 
findings included auricular fibrillation. No left 
auricular enlargement or displacement of the 
esophagus was visualized on fluoroscopy. The 
heart was enlarged with a convex left mid- 
cardiac segment on roentgenogram: ‘Termi- 
nally, it was suspected that she had a_ ball- 
valve thrombus of the left auricle. At post- 
mortem, the heart weighed 495 gm. The 
mitral valve was stenotic and the stigmata of 
subacute bacterial endocarditis were present 
The left auricle was dilated, containing a 
large mural thrombus questionably ball-valve 
in tvpe. The left auricular endocardium was 
thickened. Aortic valvulitis was also present. 

Case 3. C. B., a 58-year-old white female, 
first experienced heart failure at the age of 
52, at which time auricular fibrillation was 
discovered. There was a history of arthritis 
occurring at 30 vears of age. Hypertension 
was present since the age of 47, and at the 
age of 57 she sustained a left hemiplegia. 
Pertinent physical findings included a blood 
pressure of 160/95 and systolic and rum- 
bling diastolic murmurs at the apex. The 
electrocardiogram revealed auricular fibrilla- 
tion. Roentgenograms disclosed a large heart 
with a convex left mid-cardiac segment. No 
enlargement of the left auricle was noted on 
fluoroscopy. At autopsy, the heart weighed 
560 gm. The mitral valve was markedly 
stenotic. The left auricle was not spec ified as 
being large. In addition, there was tricuspid 
valvulitis. 

Case 4. H. Z., a 68-year-old white male. 
had been in chronic congestive heart failure 
with auricular fibrillation for the previous 8 
years. There was no history of rheumatic 
fever, although characteristic changes in the 
hands suggested rheumatoid arthritis. Exami- 
nation never revealed a mitral diastolic mur- 
mur, but a harsh systolic murmur was heard 
at the apex. The blood pressure was 130/70 
on admission, with subsequent fall in the dias- 
tolic pressure. The electrocardiogram  con- 
firmed the clinical impression of auricular 
fibrillation. No left auricular enlargement was 
noted on fluoroscopy but the heart was en- 
larged on roentgenogram with a straight left 
mid-cardiac segment. At postmortem the 
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heart weighed 760 gm. Both the mitral and 
aortic valves were stenotic and_ insufficient, 
and the left auricle was dilated. 

Case 5. F. B., a 51-year-old white male, 
with a record of 12 hospitalizations for con- 
gestive failure, had his first episode of failure 
and first knowledge of auricular fibrillation at 
the age of 37. There was no history of rheu- 
matic fever. At the age of 50, several ¢ pisodes 
of embolization occurred. The blood pres- 
sure was 140/70. Double murmurs” were 
heard‘at the apex and the base. An enlarged 
pulsating liver was readily palpable. Auricular 
fibrillation was confirmed by the electrocar- 
diogram. Roentgen studies revealed en- 
larged heart with a straight left mid-cardiac 
segment but without enlargement of the left 
auricle. In the P-A esophagram, there was 
deviation to the left of the barium-filled 
esophagus just below the aortic indentation. 
At post-mortem, the heart weighed 640 gm. 
Phe pericardium was thickened and adherent. 
An adherent thrombus was attached to the 
thickened endocardium of the dilated left 
auricle. Stenosis and insufficiency of the mitral 
and aortic valves were marked. There was 
also tricuspid stenosis and insufficiency. 


ComMeENtT. Of interest in this case 
was the fact that the esophagus devi- 
ated to the left in the P-A view, per- 
haps due to peri-aortic adhesions. For 
this reason, the right anterior oblique 
esophagram was of no value in judging 
left) auricular enlargement. The ab- 
sence of a double contour, of elevation 
of the left main bronchus, and of retro- 
cardiac bulging were thought to rule 
out left auricular enlargement clini- 
cally. 


Case 6. L. B., a 39-year-old white female 
with a definite history of rheumatic poly- 
ithritis, developed cardiac failure at the age 
f 24, and was digitalized. Auricular fibrilla- 
tion was discovered at the age of 25. Numer- 
us embolic phenomena occurred and _ there 
vere several periods of hospitalization for 
ecurrent failure. The blood pressure was 
160/60. Systolic thrills and double murmurs 
vere present at the apex and the base. 
\yphoscoliosis of the thoracic spine was pres- 
nt. The electrocardiogram confirmed the 
linical impression of auricular fibrillation. 
\n enlarged heart with a convex left mid- 
idiac segment was noted on roentgenogram. 
here was a large area of increased density 

the upper and middle portion of the left 
irdiac 2 le in the P-A view which 


caused elevation of the left main bronchus 
in the P-A and left anterior oblique views. In 
the right anterior oblique position no_ left 
auricular enlargement was noted on fluoros- 
copy or on the esophagram. The course of 
the esophagus was straight in the P-A and 
left anterior oblique positions. At autopsy, the 
heart weighed 600 gm. The endocardium of 
the left auricle was thickened, and an 
adherent thrombus filled about one-fourth 
of a markedly dilated left auricular cavity. 
Marked stenosis and insufficiency of the mitral 
and aortic valves were present, as well as a 
tricuspid stenosis. 

CoMMENT. In retrospect, this case 
is an infrequent example of enlarge- 
ment of the left auricle predominantly 
to the left with a double contour visible 
on the left cardiac border. Because of 
the straight esophageal course in the 
P-A view, it was felt that the esophagus 
was a border-forming structure in the 
right anterior oblique view. With the 
normal right anterior oblique esopha- 
gram, the left auricle was not con- 
sidered enlarged antemortem accord- 
ing to the rigid radiological criteria 
described previously, but trom the ap- 
pearance of the roentgenograms the 
presence of a giant left auricle was 
correctly interpreted clinically (Figs. 
1, 2, and 3). 

postmortem, co-existent mitral 
and aortic stenosis insufficiency 
were present in 4 of the 6 cases, and 
2 of the patients with aortic valvular 
disease also had tricuspid stenosis. In 
only 2 was mitral stenosis the only val- 
vular lesion present. Of the 4 patients 
with aortic insufficiency, rumbling dias- 
tolic murmurs at the apex were heard 
in 3 during life. Consequently, with 
failure to demonstrate an enlarged left 
auricle radiologically, the impression of 
aortic insufficiency with an Austin-Flint 
murmur was justified ante-mortem in 
these patients. 

Stupy. In the clinical phase 
of this problem, patients currently on 
our wards with mitral stenosis due to 
rheumatic heart disease were studied 
to determine how many failed to satisfy 
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Fic. 1.—(Case 11, Postmortem Series) P-A esophagram showing an enlarged heart with a 
circular area of increased density forming the left) mid-cardiac segment. The left) main 
bronchus is almost horizontal. Though not clearly visualized in this reproduction, — the 
barium-filled esophagus is straight 


Fic, 2.—(Case 11, Postmortem Series) Right Anterior Oblique esophagram showing no 
posterior displacement of the barium-filled esophagus. 
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the Roentgen criteria for left auricular 
enlargement. Thirty patients — were 
examined and no Roentgen evidence 
of left auricular enlargement was found 
in 7. A brief summary of the 7 cases 
follows: 


Case 6. J. a 49-vear-old white mak 
with a 4-year history of heart failure and 
no definite history of rheumatic fever, pre- 
sented the following cardiac findings: a blood 
pressure of 140/80, a diastolic thrill at the 


MuUrnurs were heard over the mitral area and 
a systolic thrill was felt at the apex by some 
observers. On the electrocardiogram, in ad- 
dition to regular sinus rhythm, the P wave in 
lead IL was widened and the P-R_ interval 
prolonged. Teleoroentgenograms revealed an 
enlarged heart with straight mid- 
cardiac segment and no deviation of the 
barium-filled esophagus in the P-A or right 
oblique projection. No left) auricular en- 
largement could be demonstrated on fluoro- 


scopic examination. 


Fic, 3.~(Case 11, Postmortem Series) Left Anterior Oblique view showing the circular area 
of density to be the most posterior portion of the heart and to push the left main bronchus 
upward, 


apex, and systolic and rumbling diastolic 


apical murmurs. Auricular fibrillation was 
noted on the electrocardiogram. On roentgen- 
ogram, the heart was enlarged with a 
straight left mid-cardiac segment without de- 
viation of the barium-filled esophagus in the 
P-A view. There was no evidence of left 
auricular enlargement on fluoroscopy or 
esophagram. 


Case 7. W. G., a 40-year-old colored male, 
noticed. symptoms of cardiac failure at the 
age of 39. There was no history of rheu- 
matic fever. On examination, the blood pres- 
sure was 130/80. Systolic and _ diastolic 


Case 8. J. M., a 55-year-old white male, 
developed signs of cardiac failure at the age 
of 54 which responded to digitalis. There was 
no history of rheumatic fever. On physical 
examination, the blood pressure was 130/40. 
Systolic and diastolic thrills were palpable at 
the apex as well as a systolic thrill at the 
aortic area. At the apex, harsh systolic and 
rumbling diastolic murmurs were heard. A 
systolic murmur at the aortic area was trans- 
mitted to the neck and a soft early diastolic 
murmur was heard at Erb’s point. The elec- 
trocardiogram revealed a regular sinus rhythm 
and a notched P wave in lead IL. Roentgeno- 
grams and fluoroscopy in the P-A and oblique 
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positions disclosed an enlarged heart with 
a straight left mid-cardiac segment and no 
deviation of the  barium-filled esophagus. 
There was no evidence of left auricular 
enlargement. 

Case 9. E. S., a 60-vear-old white female 
with a definite history of rheumatic fever at 
the age of 20, sustained a left hemiparesis 
at the age of 54. Congestive failure ensued 
at the age of 57 and she was digitalized 
Examination revealed a blood pressure of 
170/80. A systolic thrill and double murmurs 


colored male at the age of 49, with manv 
subsequent periods of hospitalization for 
cardiac failure. No history of rheumatic fever 
could be elicited. The blood pressure was 
150/100. Systolic and rumbling diastolic 
murmurs were heard at the apex. A_ systolic 
thrill was palpable over the neck vessels and 
a rough systolic murmur maximal the 
aortic area was transmitted to the neck. In 
addition an enlarged pulsating liver was pal- 
pable. The electrocardiogram revealed auricu- 
lar fibrillation. On roentgenogram, the heart 


Fic, 4.—(Case 4, Clinical Series) P-A esophagram showing an enlarged heart with deviation 
of the barium-filled esophagus to the right. 


were present at the apex. The electrocardio- 
gram confirmed the clinical impression of 
auricular fibrillation. Cardiac enlargement 
with a convex left mid-cardiac segment was 
noted on the teleoroentgenogram. Further 
Roentgen studies failed to demonstrate left 
auricular enlargement. Of interest was the 
fact that the barium-filled esophagus was 
deviated to the right as seen in the P-A view 
during the first examination, but on re-exam- 
ination one month later deviation to the left 
in the P-A view was noted (Figs. 4, 5 and 
6). 
Case 10. (J. C.) Hypertension and cardiac 
failure were first noted in this 62-year-old 


was tremendously enlarged with a concave 
left mid-cardiac segment. The barium-filled 
esophagus was straight in the P-A view. Left 
auricular enlargement was not demonstrated 
either by fluoroscopy or esophagram. 

Case 11. J. H., a 59-year-old white male, 
has had several recurrences of congestive 
failure since the age of 56. Past history 
revealed polyarthralgia lasting 1 month at 49 
years of age. The blood pressure was 120/70. 
Apical systolic and diastolic thrills, an apical 
systolic and a diastolic murmur, and a soft 
systolic murmur at the base were found on 
cardiac examination. Auricular fibrillation was 
present on the electrocardiogram. An en- 
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larged heart with a straight left: mid-cardiac 
segment was found on a P-A teleoroentgeno- 
gram and_ there deviation of the 
barium-filled esophagus in this view. Fluoro- 


Was no 


scopy and esophagrams failed to demonstrate 
left auricular enlargement. 

Case 12. C. G., a 55-year-old white female 
with a definite history of rheumatic fever, 
was first digitalized at the age of 23. For the 
last 3 years continued heart failure necessi- 
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ogram disclosed an enlarged heart with a 
concave left mid-cardiac segment and devia- 
tion of the barium-filled esophagus to the 
left. No left auricular enlargement was noted 
on fluoroscopy or on the esophagrams. The 
left main bronchus was not elevated and 
there was no double contour. 


The ages of these 7 patients ranged 
from 40 to 62 years, and a definite his- 


hic. 5.—(Case 4, Clinical Series) Right anterior oblique esophagram, showing no posterior 
displacement of the barium-filled esophagus. Both Figs. 4 and 5 were taken on the same date. 


tated prolonged hospitalization. The blood 
pressure was 146/76. An apical systolic and 
diastolic thrill were present, and a ques- 
tionable systolic thrill was felt at the aortic 
rea. A blowing systolic murmur and a 
umbling mid-diastolic murmur were heard at 
le apex as well as a rough systolic aortic 
1urmur and a blowing diastolic murmur at 
rb’s point. The electrocardiogram revealed 
iricular fibrillation. The P-A teleoroentgen- 


tory of rheumatic fever was elicited in 
only 2. Three of the patients had co- 
existent aortic lesions and one of these 
also had involvement of the tricuspid 
valve. One had hypertension. Auricular 
fibrillation was present in 5 and regu- 
lar sinus rhythm in 2. In the latter 2 
cases the P waves were abnormal. All 
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patients had been in congestive heart 
failure one or more times and required 
digitalis. Each was considered a Class 
cardiac patient. 

Discussion. The demonstration of 
left auricular enlargement by radiologi- 
cal techniques is one of the necessary 
criteria for the diagnosis of mitral 
stenosis”. Parkinson has stated that in 
the diagnosis of mitral stenosis, en- 
largement of the left auricle is second- 
ary in importance only to the charac- 
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instances of mitral stenosis can occur 
in ambulatory children and in a smaller 
percentage ot asvmptomatic adults 
without demonstrable enlargement of 
the left auricle. Twenty-five cases of 
mitral valvular disease without cardiac 
enlargement were reported by Epstein’. 
Of these, 20 patients had no electro- 
cardiographic changes and 24 had 
never been in failure. In a postmortem 


study of 61 hearts with mitral stenosis. 


teristic diastolic murmur®. In a roent- 
genological (without the use of barium 
in the esophagus) and_ pathological 
study of 100 patients with mitral 
stenosis and insufficiency, Steel! re- 
ported enlargement of the left auricle 
as a constant finding. Nevertheless, 
some contrary reports have appeared 
in the literature! * 

It is conceded that mitral stenosis in 
its early stages may be present without 
left auricular enlargement. Nemet* 
emphasized the fact that occasional 


Fic. 6.—(Case 4, Clinical Series) P-A esophagram taken 1 month later shows a slight leftward 
deviation of the barium-filled esophagus. Compare with Fig. 4. 


Gouley* found 7 without left auricular 
enlargement. 

Our study has been concerned with 
patients who had advanced rheumatic 
heart disease requiring prolonged hos- 
pitalization. The absence of Roentgen 
evidence of left auricular enlargement 
in this group with probably long estab- 
lished mitral stenosis would seem to 
have added significance. Failure to 
demonstrate left auricular enlargement 
radiologically during life occurred in 
6 of the 30 patients in the necropsy 
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30 in the clinical 
series. Four of the 6 postmortem cases 
not exhibiting left auricular enlarge- 
ment on antemortem examination did 
have an enlarged left auricle at autop- 
y. Therefore, unless terminal dilatation 
was the cause of the left auricular en- 


series, and in 7 of the 


no correlation existed be- 
tween the size of the left auricle 
roentgenologically and anatomically in 


largement, 


these Failure to demon- 


strate 


patients. 
an enlarged left auricle despite 
the presence of auricular fibrillation in 
all 6 of the postmortem cases and in 5 
of the 7 clinical cases is not in agree- 
ment with the findings of Sussman and 
Woodruff!’ who found marked en- 
largement of the left auricle radiologi- 
cally in all of their 44 patients with 
auricular fibrillation due to rheumatic 
heart disease. 

Of the patients described in our re- 
port. 3 of the 7 currently under treat- 
ment and 4 of the 6 in the necropsy 
group had co-existent rheumatic dis- 
ease of valves other than the mitral. We 
are aware that there is difference of 
opinion concerning whether or not co- 
existing valvular lesions influence the 
enlarged left 
auricle in patients with mitral stenosis. 


development of the 
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Perhaps in the future, data relating the 
effect of mixed valvular lesions upon 
lett auricular enlargement as opposed 
to the effect of isolated mitral valve 
disease will be available. 

Summary. 1. In a study of the case 
records of 30 patients with mitral 
stenosis due to rheumatic heart disease 
examined at necropsy, an enlarged ye 
auricle could not be demonstrated i 
6 by either fluoroscopy or pee aac 
during life. In one instance, the pres- 
ence of a giant left auricle was sus- 
pected from the appearance of the 
roentgenogram despite normal esopha- 
grams. 

In a comparable series of 30 pa- 
tients thought to have mitral stenosis 
due to rheumatic heart disease current- 
lv under treatment at this hopsital. an 
enlarged left auricle could net be 
demonstrated in 7 either by fluoroscopy 
or esophagrams. 

3. It is our opinion that failure to 
demonstrate enlargement of the left 
auricle roentgenologically should not 
deter one from strongly suspecting the 
mitral other 
clinical signs are present. The effect of 
mixed valvular lesions on left auricular 
enlargement has been briefly discussed. 


presence of stenosis if 
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FORMERLY ON STAFF OF 


THE purpose of this paper is to re- 
port 2 cases of febrile reactions caused 
by the oral administration of quinidine 
sulfate. 

Quinine was first used in the treat- 
ment of cardiac irregularities by Senac 
in 1749° and its use rediscovered by 
a patient of Wenckebach in 1914". 
Frey’ in 1918 found quinidine, the 
dextro-isomer of quinine, to be more 
effective in the treatment of cardiac 
irregularities and. since then it has 
gained widespread use. 

Untoward reactions to quinidine may 
be grouped into: 1) cinchonism, mani- 
fested principally by ringing in the 
ears, dizziness and _ gastrointestinal 
symptoms; 2) cardiac toxicity which 
may vary according to the underlying 
cardiac abnormality; 3) certain Sys- 
temic reactions such as syncope, con- 
vulsions, collapse, and respiratory 
difficulty; and 4) acquired sensitivity 
manifested by rashes, thrombocyto- 
penic purpura, and fever. ; 

In 1942 Sturnick’® reported a febrile 
reaction to quinidine which he believed 
to be the first reported case. However, 
Levy® in 1922 listed fever as an “un- 
pleasant symptom” of quinidine admin- 
istration. Siegal and Horn® recently 
reported 2 more cases. 


Case Reports. Case 1. A. S., a 59-year old 
white male patient, entered the Baltimore 
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FEBRILE REACTIONS TO QUINIDINE 


By H. Stimtson, M.D.° 
FORMERLY RESIDENT IN MEDICINE 


CARDIOVASCULAR CLINIC 
BALTIMORE, MARYLAND 


(From the Clinic of General Medicine and Experimental Therapeutics of the National 
Heart Institute (Cardiovascular Clinic, U. $. Marine Hospital 


Marine Hospital on October 11, 1949, for 
the 14th time in 2 vears for conditions re 
lated to rheumatic heart disease. He did not 
recall any episode of acute rheumatic fever 
but in 1939 first noted dyspnea on exertion 
and was told he had heart disease. Dyspnea 
gradually increased so that in 1947 he be 
came totally incapacitated. He was digital 
ized, placed on a low-salt diet and periodi 
cally given mercurial diuretics. The present 
admission was necessitated by attacks of 
palpitation and faintness. For a year he had 
been taking digitalis 0.1 gm. daily with an 
additional 0.1 gm. on alternate days, making 
a total of 0.38 gm. every 2 days. Examina- 
tion revealed a poorly nourished man who 
was dyspneic at bedrest. The blood pressure 
was 108/84, the pulse 140 per minute and 
totally irregular, and respirations 24 per min- 
ute. Fundal veins showed pulsations syn- 
chronous with each heart beat. There were a 
few crepitant rales and some impaired reson- 
ance at the lung bases. The heart was gross- 
ly enlarged. Both systolic and diastolic mur- 
murs were heard in the mitral and aortic 
areas and a systolic murmur in the tricuspid 
area. The veins of the neck were greatly dis- 
tended. The liver was enlarged and tender, 
the margin being palpable just above the 
right iliac crest. There was a distinct swell- 
ing of the liver synchronous with each heart 
beat. There was slight pitting edema of the 
ankles. Laboratory studies revealed serologic 
tests for syphilis negative, white blood count 
6250, hemogiobin 13.5 gm., platelet count 
290,000. urinalysis negative, blood urea 
nitrogen 18 mg. per LOO ce. Electrocardio 
gram revealed auricular fibrillation, digitalis 
effect, frequent ventricular and nodal pre- 
mature contrections and runs of tachycardia 
of undetermined origin. Roentgenogram of 
the chest revealed evidence of congestion ex- 
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from the lung root 


enlargement of — the 


tending regions and 
marked heart with a 
maximum transverse measurement of 19.8 cm. 
and an internal thoracic diameter of 29 cm. 

The patient showed considerable improve- 
ment in his congestive failure on bedrest and 
continuation of his previous medications, It 
was thought possible that the paroxysms of 
tachyeardia might be due to digitalis intoxi- 
cation; therefore, digitalis was discontinued 
on October 15 and resumed at a rate of 
0.1 gm. daily on October 27th. Paroxysms of 
tachveardia continued. These attacks, which 
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feet. The liver was slightly smaller and less 
tender than on admission but the spleen had 
become definitely palpable and tender just 
below the rib margin. There was no lymph- 
adenopathy. On November 9th and 11th 
the white blood count was 5000 with a nor- 
mal differential count, the hemoglobin 13 gm. 
and the platelet count 228,000. All of 5 
blood cultures were negative. On November 
11th quinidine was stopped with prompt sub- 
sidence of all the significant symptoms 
enumerated above. On November 21st when 
0.4 gm. of quinidine was given in a single 


QUINIDINE 
STOPPED 


QUINIDINE 02 Gm 
STARTEO 


QUINIDINE O 4 Gm 
SINGLE DOSE 


+28 29 #30 3! Nov! 2 3 6 7 a 9 


4 6 20 21 22 23 24 


femperature reaction in Case | to the therapeutic administration of quinidine and 


to a later test dose. 


sted as long as 1 hour, were accompanied 
faintness and on one occasion by un- 
nsciousness resulting in a fall with lacer- 
ion of the scalp. On October 28 quinidine 
2 gm. 4 times daily was started. On Novem- 
Sth his temperature rose, reaching 
peak of 103.6 on November 9th. 
ith the fever he developed nausea, vomit- 
and chills. The face became puffy and 
skin hot and dry. The chest remained 
ir but the heart rate increased to 130 
minute. On November 10th numerous 
ulopapular erythematous areas about 3 

|. in diameter appeared on the lower chest, 
lomen and flanks. Numerous _petechial 
iorrhages were noted about the ankles and 


dose there was an abrupt development of 
fever, the temperature rising to a peak of 
103.8° in 8 hours and returning to normal 
after about 30 hours. There were no signifi- 
cant signs or symptoms accompanying this 
test dose (Fig. 1). The patient was later 
given a test dose of 0.6 gm. of quinine with 
no reaction. He gradually regained sufficient 
compensation to be discharged on December 
20, 1949. 


Case 2. M. H. IL, a 46-year old Coast 


Guard officer, first noted attacks of palpita- 
tion of 3 to 5 minutes’ duration in 1930 fol- 
lowing severe exercise and accompanied by 
a sensation of precordial tightness. Attacks 
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of this same description occurred approxi- 
mately yearly until 1943 when they became 
more severe. In 1945 when hospitalized for 
renal colic an electrocardiogram showed Wolff- 
Parkinson-W hite 
firmed on numerous subsequent tracings. In 
1946 an attack of palpitation with pre-cordial 
pain radiating into the left arm = lasted 30 
minutes, 


svndrome which was con- 


revealed no 
of mvocardial infarction. 1948 


Extensive examination 


vide 


the attacks became more frequent and 
troublesome. On August 21, 1949, he was 
seen in the Out-patient Department of the 
Baltimore Marine Hospital, placed — on 

MHI. 1949 

102 

lee) 
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FEBRILE 


REACTIONS TO QUINIDINE 
fever, chills, profuse sweating and paroxysms 


of tachvyeardia, which demon- 
strated electrocardiographically. On Septem- 
ber quinidine was stopped. The tem- 
perature tell 102.3° to 100.3° in 14 
and reached normal in 24 hours. He 
ith. For tur- 
ther evaluation he was admitted to the Balti- 
more Marine Hospital on September 15, 1949. 


History was as given and physical examina- 


OTM ot Was 


trom 
hours 
was discharged on September 


tion within normal limits. Laboratory studies 


were normal except for the  electrocardio- 
gram which again showed Wolff-Parkinson 
White syndrome On September Dist he 


QUINIDINE 
STOPPED 


QUINIDINE 0.2 Gm TIO 
STARTED 8-21-49 


Aug 30 31 Sept. | 2 4 
Fic. 2 Temperature reaction in Case 2 to the therapeutic administration of quinidine. 


quinidine 0.2 gm. 3 times daily. On August 
29th he noted fleeting precordial pain fol- 
lowed shortly by chills and elevation of 
temperature to 103° (Fig. 2). He was given 
a sulfonamide and penicillin with no influ- 
ence on the febrile course. On September 
Ist he was admitted to another hospital, at 
which time fever was the only abnormal 
physical finding. The white blood count was 
8000 with 83% neutrophils, hemoglobin 14.5 
gm. Blood culture, urinalysis and roentgeno- 
gram of the chest were all negative. While in 
that hospital he complained of pain about 
the mouth and teeth, buzzing in the ears, 


was given 0.8 gm. of quinidine between 8 
a.m. and 6 p.m. At 2 p. m. the temperature 
98.6° and reached a peak of 99.8° 
at 9 p. m. after which it returned to normal, 
showing only 


Was 


a transient elevation the next 
evening. With the onset of the fever he noted 
“vibrations in the ears”, headache and chill- 
iness followed by a hot feeling. On Septem- 
ber 24th he received 0.3 gm. of quinine every 
‘ hours for 4 doses. He did not develop fever 
but noted throbbing headache, ringing in the 
ears and nausea 5 hours after the last dose. 
He was 26, 
without 


1949, 


discharged September 


medication. 
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Discussion. There are certain fea- 
tures which appear to be common. to 
all the reported cases of fever due to 
quinidine. The onset of fever and ac- 
companyving symptoms appeared sev- 
eral days after the drug had been 
started, generally about a week. They 
subsided within several hours after 
withdrawal of the drug. Subsequent 
single doses caused a much more 
prompt rise in fever, usually within a 
few hours. This suggests that the in- 
dividuals acquired an abnormal sen- 
sitivity. 

It is not known whether Case 1 would 
have developed sensitivity to quinine 
on prolonged administration it 
does seem reasonably obvious that he 
was not sensitized to quinine by the 
administration of quinidine. While it 
is not certain, it is suspected that Case 
2 may have been sensitized to quinine 
by the administration of quinidine. 
Fever did not develop, though early 
of cinchonism did. Neither 


case is known to have taken quinine or 
quinidine prior to the described epi- 
sodes. 

Case 1 developed a maculopapular 
rash, petechial hemorrhages and splen- 
omegaly without — thrombocytopenia 
(anaphvlactoid = purpura). Cases of 
thrombocytopenic purpura due to quin- 
idine* have been reported. Generalized 
eruptions as well as localized eczema- 
tous reactions have also been reported®. 
Breu and Zollner' described fatal 
anaphylactic shock from quinidine. 

Needless to say, if one does not con- 
sider quinidine as an etiologic factor in 
these cases the diagnostic problem is 
extremely confusing. In patients who 
develop. sensitivity. to quinidine one 
must rely on quinine, digitalis, pro- 
caine amide'® and other agents. de- 
pending upon the indications in the 
individual case. 

Summary. Two cases of febrile reac- 
tion to quinidine sulfate administered 
orally are presented. 
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TETRAETHYLTHIURAM disulphide 
(Antabuse) has been tried experi- 
mentally in the treatment of alcoholism 
in Denmark, Sweden, Great Britain. 
the United States and Canada since 
the discovery of its possible value for 
this addiction was made in 1948. The 
limited information available upon 
this drug has been reviewed and sum- 
marize ty for example by Glud®, and by 
Dale and Ebaugh?. Antabuse is not ex- 
pected to be available for general sale 
in the United States until about the 
summer of 1951", and Canadian physi- 
cians have been cautioned that the 
drug is potentially dangerous®. Death 
following administration of Antabuse 
has been reported®. These facts em- 
phasize the need for further investi- 
gation into the pharmacology and toxi- 
cology of Antabuse. 

The work to be described in this 
report, was done with the view of 
obtaining information upon the role of 
the liver in the detoxification of Anta- 
buse. In 1948, Hald et al.? reported 
that Antabuse was slowly eliminated 
from the body, did not appear in urine 
and was present in small amounts in 
the feces, evidence suggesting that the 
drug could possibly be broken down 
in the liver. Edwards* found that the 
oxygen consumption in vitro of rat 
liver homogenates was inhibited by 


Antabuse, and Nowinski et al.'’ noted 
that this inhibition could be nullified 
by addition of ascorbic acid, which 
suggested that Antabuse may act as 
a competitive hydrogen acceptor, 
Glud® stated categorically that Anta- 
buse should not be given to a patient 
having less than 85% of normal function 
of the liver. In the work to be de- 
scribed below, it was found that par- 
tial hepatectomy lowered the resist- 
ance of albino rats to administration of 
toxic doses of Antabuse. This informa- 
tion indicates that Antabuse may be 
detoxified by the liver. 


Method. Albino rats of 200 to 350 gm. body 
weight were anaesthetized with ether, laparo 
tomized, approximately 759% of the liver re 
moved, and the abdomen closed, the entire 
operation taking about 15 minutes. Most. of 
the animals survived this operation, a few 
deaths occurring within the first 24 post-oper- 
ative hours. Only animals alive and healthy 
36 hours after operation were used for further 
study. At this time the required dose of 
Antabuse was suspended in Acacia Mucilage, 
U.S.P., and given by stomach tube. Food. 
which had been withheld since before opera- 
tion, was then allowed and the animals ob- 
served daily for 3 weeks. Autopsies were per- 
formed upon all rats that died. 

The Antabuse used was pure, crystalline 
tetraethylthiuram disulphide.® Pre liminary ex- 
periments indicated that the LD50 of this 
material given by stomach tube to normal rats 
was approximate ly 4 gm. per kg. body weight, 
which is of the order of that found by Child). 


*Provided by Ayerst, McKenna and Harrison Limited of Montreal through the courtesy 


of Dr. John B. Jewell. 
(444) 
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After some initial trials with a wide range of 
doses of Antabuse, the doses finally selected 
tor study were 4.0, 5.0 and 6.0 gm. per kg. of 
body weight. 

In a parallel control series of experiments, 
the rats were laparotomized, the liver manip- 
ulated but not cut, the abdomen closed and 
Antabuse administered in the same doses as 
to the sub-totally hepatectomized rats. The re- 
sults obtained in this control series will be 
described below. Two other control groups 


were used to check the mortality rate from 


the above 2 operative procedures alone. In 


one of these, 16 albino rats were sub-totally 
hepatectomized and given no Antabuse; there 
were no deaths in this group. In a 2nd group, 
15 albino rats were laparotomized and given 
no Antabuse; there were likewise no deaths 
in this group. Hence any deaths in the Anta- 
buse treated animals could be ascribed with 
reasonable certainty to the Antabuse alone. 


Results. The signs and symptoms 
following administration of these toxic 
doses of Antabuse were qualitatively 
similar in the sub-totally hepatecto- 
mized rats and in the laparotomize d 
controls. The usual sequence of reac- 
tions appeared a few hours to a day 
or two after giving antabuse. Fre- 
quency of urination, dacryorrhea and 
chromodacryorrhea usually appeared 
together and early, frequently fol- 
lowed by rhinorrhea and blood-tinged 
secretions. The animals became pro- 
gressively more lethargic and slow in 
their movements. They rested and 
walked with the back humped and 
when they moved, they tended to hold 
their legs under their bodies. The eve- 
lids were drooped. Many animals had 
diarrhea which was followed by con- 
stipation, while others were consti- 
pated throughout. Their cages had a 
fairly characteristic foul smelling 
odour. They lay quietly, apparently 
asleep, for long periods, even at night 
when rats are normally active. There 
was a progressive loss in weight, list- 
lessness, a slowing of the cardiac and 
respiratory rates and a tendency to- 
ward paralysis of the hind limbs char- 
acterized by dragging of the hind 
limbs when attempting to walk. 


The death rate and the interval be- 
fore death varied in the 2 groups and 
will be described below. At autopsy 
the animals were noted to have lost 
weight. The stomach often contained 
some Antabuse crystals, the contents 
were occasionally blood-tinged, the 
mucosa was inflamed and covered 
with numerous small, brownish black 
ulcerated areas. The duodenum was 
also ulcerated. The liver had a_ pale 
colour and a cellular appearance. The 
lungs appeared to be congested and 
slightly hemorrhagic. 

Data upon death rates hepatec- 
tomized rats and laparotomized con- 
trols are summarized and presented in 
Table 1. The mortality rate was con- 
sistently higher in the hepatectomized 
rats. Thus, a dose of 4 gm. of Antabuse 
per kg. body weight killed 76% of 
hepatectomized rats and only 50% of 
the laparotomized controls. The differ- 
ence of 26% was calculated after Hill* 
to have a standard error of 14, which 
indicates that the odds were approxi- 
mately 1 in 20 that it could have oc- 
curred by chance. Following adminis- 
tration of the 5.0 and 6.0 gm. per kg. 
doses of Antabuse, death rates were 
also higher in the hepatectomized rats, 
and the statistical possibility that the 
difference could have been due to 
chance was less than with the 4.0 gm. 
dose. 

The number of days betaveen ad- 
ministration of Antabuse and death 
was consistently and significantly less 
in the hepatectomized rats than in the 
laparotomized controls, a further in- 
dication that the hepatectomized rats 
were more susceptible to the toxic and 
lethal effects of Antabuse. Data upon 
these survival times in rats which suc- 
cumbed to Antabuse are summarized 
and presented in Table 2. The hepatec- 
tomized rats may be seen to have 
lived only one-quarter to one-half as 
many days as did the laparotomized 
controls. The standard error of the 


BOYD, 
mean difference in days of survival was 
calculated after Hill’ and may be seen 
to be one-third or the 
difference in each dosage group. 
This indicates that the mathematical 
odds that the difference was due to 
chance were of the order of 1 in 400 


or less. 


less of mean 


Thus, it mav be concluded that these 
experiments demonstrate within rea- 


sonable limits of surety that hepa- 


KINGSMILL: 


in doses of 4.0, 5.0 and 6.0 gm. per kg. 
body weight to 63 sub-totally hepa- 
tectomized albino rats and to 60 suit- 
ably laparotomized but not hepatec- 
tomized controls. Thirty-one other con- 
trol rats were similarly operated upon 
but not given Antabuse at 36 hours 
post-operatively; none of these died. 
The mortality rates 
76 to 95% in the sub-totally hepatec- 
tomized rats, and from 50 to 70% in the 


ranged from 


TABLE 1. THE EFFECT OF SUB-TOTAL HEPATECTOMY UPON THE MORTALITY 
RATE OF ALBINO RATS FOLLOWING YOMINISTRATION OF TETROETHYLTHIURAM 
DISULPHIDE 

Death Rat Standard 
Suh-totally He pate fomired Rats Laparotom ed Controls Vean Vean 
Dose of Drug Diff Differe nee 
qm. Body Vo. of Dead Vo. of Animal Dead 
0 | 76 20 14 
21 20) Go 12 
6.0 21 95 1] 

TABLE 2. THE EFFECT OF SUB-TOTAL HEPATE¢ TOMY UPON THE SURVIVAL 

TIME OF ALBINO RATS FOLLOWING ADMINISTRATION OF TETRETHYLTHIURAM 


DISULPHIDE 


Survival 


Sub-totally pater tomized Rats 


Laparotom ed Controls 


Time 


Standard 


Days until Days until Vean Vean 

Dose of Drug Death Death Diff Difference 
qm hq Body Wy No of frnimals mean Vo. of {nimals mean Days Days 
16 4 10 | 1.2 
20 4 12 66 S87 
6.0 20 2 0 14 9 $ 1.2 


tectomy increases the susceptibility of 
albino rats to the toxic and _ lethal 
effects of this 


evidence may be taken to indicate that 


Antabuse. Conversely, 
Antabuse is, in part at least, destroved 
with the aid of the liver. possibly in 
a 
role in the detoxification of this drug. 

Summary. Tetraethylthiuram  disul- 
phide (Antabuse) was administered by 


the liver, and that the liver plays 


stomach tube, 36 hours after operation, 


laparotomized controls receiving Anta- 
the P value of the 
being 0.05 or less. 


buse, differences 

The mean number of days’ survival 
after Antabuse ranged from 2.0 to 4.4 
in the sub-totally hepatectomized rats 
and 6.6 to 9.3 in the laparotomized 
controls, the P value of the mean dif- 
ferences being less than 0.01. 

It was concluded that these results 
indicate that Antabuse was detoxified 
by the liver in these experiments. 
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HEMOLYTIC ANEMIA ASSOCIATED WITH LIVER DISEASE 
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SincE the initial discussion of Eppin- 
ger’, liver disease and especially cir- 
rhosis has been repeatedly listed as an 
occasional cause of hemolytic anemia 
3.22 Yet it has never been clear whether 
severe disease of the liver predisposed 

1 few patients to the development of 
an acquired hemolytic anemia of the 

“symptomatic type’ 16 or whether cer- 
tain types of hemolysis, by overburden- 
ing the liver, led to necrosis of he »patic 
cells and at times to cirrhosis. 

It is well recognized that Laennec’s 
cirrhosis may be accompanied by a 
macrocytic anemia, but Wintrobe2*-24 
found the anemia generally to be mild 
or moderate. Fellinger and Klima® also 
found the anemia in cirrhosis to be 
usually mild, but described a reticu- 
locytosis of 10% or more in half of their 
cases. The difficulty of excluding at 
least contributory effects of: 1) inter- 
mittent bleeding of esophage sal varices, 
2) hypersplenism associated with portal 
hypertension, and 3) malnutrition, in 
such cases, is apparent. 

Reviews of acquired hemolytic ane- 
mia mention liver damage as a possible 
complication. Thus Dameshek and 
Schwartz*, collecting cases of the acute 
type from the literature, mentioned the 
frequency of hepatic enlargement and 
hemosiderosis at autopsy. Mason" 
stated that some of the chronic cases 
“die of a combination of anemia and 
hepatic insufficiency with marked fibro- 
sis of the liver”. He suggested, how- 

( 448 ) 


ever, that many of these had calculi 
and obstructive jaundice. It is 
noteworthy, however, that chronic 
hemolytic processes alone do not seem 
to lead to significant liver damage. 
Thus, Meule ‘ngracht® mentions that 
there are “no significant pathologic-an- 
atomical changes in the liver itself” in 
chronic hereditary hemolytic jaundice, 
and Sturgis'’® states that the liver is 


usually normal in sickle cell anemia 


and congeniti al hemolytic anemia. Liver 
disease with fatty degeneration of the 
cells may be seen in only one such 
condition, Cooley's anemia', which has 
not been included in this paper. In 
all hemolytic anemias, uncomplicated 
hemosiderosis may be found at autopsy 
to involve the liver, but it is usually 
difficult to differentiate the role of 
transfusion in its causation! from that 
of intrinsic red cell destruction. 

Our attention has been called to the 
association of hemolytic anemia and 
severe hepatic disease by the occur- 
rence within the past year of 3 cases 
in the Presbyterian Hospital. All of 
these showed alarming degrees of 
hemolytic anemia, with clinical liver 
disease substantiated by biopsy. It is 
the purpose of this report to present 
these cases in detail, as well as to sum- 
marize additional cases from the hos- 
pital records. 


Case Reports. Case 1. J. G., a 31-year old 
nurse, was first admitted to Presbyterian 
Hospital in September, 1949, for icterus and 
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extreme pallor. There was a questionable 
story of recurring yellow sclerae in childhood 
but no history of familial icterus. In 1943 she 
was said to have been run down, under- 
weight and anemic, but improved with rest, 
liver injections and oral iron. Her spleen was 
palpable. In 1945 marked pruritus was_pres- 
ent from the 3rd to the 9th month of her 
only pregnancy. Three months postpartum, 
anorexia, associated with mild jaundice, ap- 
peared tor 3 weeks, though she had not been 
transfused. Moderate hepatomegaly, in- 
creased delayed serum bilirubin, and a low- 
grade anemia were first noted at this time 
and persisted thereafter. 

In June, 1949, she was admitted to an- 
other hospital because of fatigue and 
dyspnea, and was found to have marked 
pallor and icterus, a few ecchymoses, a liver 
palpable 5 cm. below the costal margin, and 
a spleen extending to the umbilicus. Active 
hemolysis was indicated by a red blood cell 
count of 2,100,000, a hemoglobin of 8 gm., 
reticulocytosis of 24%, and increased fecal 
and urinary urobilinogen. There was no 
evidence of hemorrhage. Atter 6 whole blood 


transfusions, she was transferred Prost. 
terian Hospital for splenectou ual 
laboratory findings preoperatis< | ded a 
spherocytosis of 10%, a definite ease in 


red cell fragilitv, increased normoblastic 
erythropoiesis of the bone marrow, and a 
negative Coombs test. The cephalin floccula- 
tion test thymol — turbidity 
++, bilirubin 9 mg. per 100 ce. direct, and 
alkaline phosphatase 16.4 Bodansky units. 

A 2600 gm. spleen was removed, which 
congestion and extramedullary 
hematopoiesis on section, consistent with the 
diagnosis of hemolytic jaundice. An enlarged, 
pebbly firm liver was described, in which, 
on biopsy, extensive cirrhosis was found. 
I'wenty transfusions of 500 ce. each had 
been given and hemosiderosis was noted in 


was 


revealed 


both organs. 

Clinical improvement was slow but gratify- 
ing, with decrease in the jaundice and _sta- 
hilization of the hemoglobin at 10 gm. until 
the 12th postoperative day, when a_ severe 
hemolytic crisis supervened. Associated with 
a fall in hemoglobin to 5.5 gm. was a rise in 
reticulocytes to 31%, and nucleated red cells 
to 137 per 100 white cells. Two transfusions 
were given with partial stabilization of the 
patient's condition. The serum _ bilirubin 
reached a level of 30.7 mg. per 100 cc., and 
the alkaline phosphatase 34 Bodansky units. 
A positive Coombs test was found, which 
has persisted since then. A course of ACTH 
therapy was started with the hope of in- 


449 


hibiting the presumed antibody-antigen re- 
action and also the lymphocytic infiltration of 
the liver. Over a 6-day period, a total of 350 
mg. was given, which was followed by con- 
tinued clinical improvement with stabilization 
of the hemogram, fall of the bilirubin level 
to 12.5 mg. and cephalin flocculation to 14, 
leading to her discharge. 

After an interval of 8 weeks, progressive 
hemolysis recurred, climaxed after 7 weeks 
by extreme pallor, dyspnea and icterus un- 
relieved by transfusion, and necessitated 
her second Presbyterian Hospital admission 
on january 5, 1950. The hemoglobin had 
fallen to 4 gm. with 60% reticulocytes, 150 
nucleated red cells per 100 white cells; the 
Coombs test was +++-+4, as was the 
cephalin flocculation. The serum bilirubin 
was 46 mg. direct, cholesterol 560 mg., and 
alkaline phosphatase 12 Bodansky units. Four 
transfusions were given without effect, and 
in view of the critical situation, cortisone 
therapy was started and continued for 4 
weeks at 50 mg. intramuscularly every 12 
hours. A detailed report of the results by 
Hanger and Collins? is now in press. Fever 
subsided promptly and clinical improvement 
was striking. There was improvement in the 
liver function tests, although hepatic biopsies 
before and after therapy were unchanged. 
The nucleated red cells disappeared from the 
peripheral blood, reticulocytes fell to 9%, 
hemoglobin rose to 11 gm. without further 
transfusion, and the Coombs test decreased to 
++. She was discharged with the diagnosis 
of coarse nodular cirrhosis and acquired 
hemolytic anemia. She did moderately well 
at home with a persistent mild jaundice with- 
out fever. At the end of 5 months she had 
not required further transfusion, although her 
hemoglobin had slowly fallen to 6 gm. Short- 
ly thereafter she was readmitted for another 
course of cortisone therapy, again with a very 
satisfactory response, without transfusion. On 
discharge her hemoglobin had risen to 12.3 
gm. Since then for 6 months she has been on 
maintenance cortisone and continues in fair 
health with a normal hemoglobin. Her most 
recent serum bilirubin was 10 mg. 

Case 2. C. W., a 54-vear old housewife, 
was first admitted to Presbyterian Hospital in 
1945 after therapy with liver extract, oral 
iron, and 5 whole blood transfusions had 
failed to relieve her complaints of progressive 
weakness, fatigue, weight loss and_ painless 
jaundice over a 2-year period. There was 
no family history of anemia or jaundice. She 
appeared chronically ill with jaundice, pallor 
and some skin pigmentation. Moderate car- 
diac enlargement was associated with a soft, 
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452 HYMAN, 
blowing, apical, systolic murmur. 
was moderately 
not palpable. 


The spleen 
enlarged but the liver was 


Abnormal laboratory findings 


consisted of a hemoglobin of 4.8. gm., a red 
blood cell count of 1,000,000 with 18% 
spherocytes, 70% reticulocytes, and 17 


nucleated red cells per 100 white cells. Red 
cell fragility was considerably increased. The 
cephalin flocculation was ++ +, bilirubin 
5.1 mg. indirect, urine urobilinogen increased, 
and there bromsulfalein 
25% after 30 minutes. 
Following 4 transfusions, splenectomy was 
performed and a 2 kg. spleen was removed 
with histologic findings consistent with the 
diagnosis of hemolytic jaundice. The liver 
was greatly enlarged, and appeared cirrhotic 
with a thickened capsule. On biopsy, diffuse 
swelling of liver cells was noted. 


was retention of 


Gallstones 


were palpated. Postoperatively only mild 
symptomatic improvement occurred. 
Her final admission was in 1949, 4 years 


later, occasioned by progressively dee pening 
jaundice, pruritus, recurrent e pistaxis 
increasing hepatomegaly. Her 
continued to reveal a_ severe 
anemia. The only significant 
changes consisted of 

Coombs test, +++4 
(cephalin flocculation 

serum globulin 3.7 gm., 
prothrombin time 30% 
falein retention of 


and 
hemogram 
macrocytic 
laboratory 
positiv e 
turbidity 


thymol 
remained 
albumin 3.1 gm., 
of normal, bromsul- 
35% after 30 minutes, and 
a reversal of the cholesterol partition. She 
was discharged to a nursing home on a high- 
protein, diet with the 
cirrhosis and acquired 
She died at home 2 
with hematemesis and deep 


high-caloric diagnosis 
nodular 
anemia. 
later, 
jaundice. No 
made. 

Case 3. W. R., a 17-year old girl, was first 
seen at Presbyterian Hospital in 1948 with 
a 5-year history of non-pruritic 
intermittently dark urine, easy bruisability 
and bleeding gums. Splenomegaly had been 
noted 


ot coarse 
hemolytic 
months 
examination 


postmortem was 


jaundice, 


3 years before admission and a macro- 
cytic anemia 1 year previously. There was 
no family history of jaundice or anemia. 
Deep icterus, mé irked splenomegaly and di- 


lated abdominal veins were noted. A moder- 
ate macrocytic anemia was present with a 
hemoglobin of 9.5 gm., and 8.6% reticulo- 


The white cell count was 1200, with a 
normal differential, the platelet count was 
55,000. The cephalin flocculation and thymol 
turbidity tests were +++4, 
3.0 gm., globulin 2.9 gm., 
and urine 


cytes. 


serum albumin 
9 


bilirubin 2.3 mg., 
urobilinogen increased. 


SOUTHWORTIL: 


A splenectomy was performed by Dr. A. 
H. Blakemore and a splenorenal shunt con- 


structed. The spleen weighed 5100 gm. and 


was found to show thickening of the trabec- 
ulae and blood vessels. The liver was 
shrunken, firm and nodular and revealed cir- 


rhosis and periportal necrosis histologically. 
The patient did well postoperatively and in 
addition to subjective improvement there was 


considerable improvement in liver chem- 
istries and a return of the hemogram almost 
to normal, possibly secondary to relief of 


hypersplenism. 
Fifteen later she 
for typhoid fever with positive 


readmitted 
blood and 


after termination of 


months was 


stool cultures. Five davs 
a successful course of the rapy with chloro- 
mvycetin, a hemolytic 
with a 


suddenly super- 
temperature spike to 103°F, 
fall in the hemoglobin level to 6.5 
gm. and red blood cell count to 2,000,000. 
A reticulocytosis — of 19% developed, 200 
nucleated red cells per 100 white cells ap- 
peared in the periphe ral blood, white cell 
to 27,000, urobilinogen and 
serum bilirubin became mildly elevated anda 
moderate increase in red cell fragility was 
noted. The remained negative. 
Spontaneous with a re- 
turn to an essentially hemogram in 
3 weeks. Moderate abnormality of liver func- 
tion tests persisted and the patient was dis- 
charged with the nodular 
cirrhosis and an episode of acquired hemo- 
Ivtic 

Increased red cell 
unlikely that 
an hemolytic agent, 


crisis 
vened 


Tre i 
progressive 


count rose urine 


Coombs test 
recovery urred 


normal 


diagnosis of coarse 


anemia. 

fragility persists. It 
chloromycetin acted as 
had dis- 
continued 5 days prior to the acute hemolytic 
episode i 


seems 
since it been 
chloro- 
mycetin therapy had no untoward effect. In 


and since reintroduction of 


addition, no toxicity of this sort has been 
ascribed to the drug to date. 
Discussion. In addition to the 3 pa- 


tients described above, a search of the 
Presbyterian Hospital records since 
1932 has revealed 18 additional cases 
exhibiting well-defined acquired hem- 
olytic anemia associated with derange- 
ment of the liver. Details of all 21 cases 
are given in Tables 1 and 2. It will 
be noted th: at the first 8 patients de- 
scribed in Table 1 were proven by liver 
biopsy to have damaged livers. In gen- 
eral, their liver function determinations 
gave evidence of marked hepatic dys- 
function. Thirteen additional patients, 
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while showing equally severe hemoly- 
tic anemia, either lacked liver biopsie s 
or appeared both from chemical and 
histological tests to have lesser degrees 
of hepatic damage. In some of them 
the liver dysfunction may represent a 
functional rather than an organic de- 
rangement (see Table 2A). The diffi- 
culty of making this distinction without 
liver biopsy in the presence of severe 
hemolytic anemia is exemplified by 
Patients C. L. and C. E. W.. in whom 
the hepatic disease mav well have been 
transient infectious hepatitis. Finally, 
3 cases are summarized in Table 2B 
with coexisting hemolytic anemia and 
liver disease, but which eventually 
were proven by liver biopsy to have 
a systemic disease. Here the anemia 
could probably be classified as a 
“symptomatic hemolytic anemia”. This 
total series has been tabulated because 
of the possibility that milder or earlier 
forms of a common pathological proc- 
ess might otherwise be omitted. 

\ search of the literature has un- 
covered a number of similar cases of 
hemolytic anemia in association with 
liver disease. Table 3 lists those in 
which adequate data are given to 
justify inclusion. 

For purposes of analysis it seems 
best to confine our attention largely to 
the first 8 proven cases in Table I. In 
3 of them, it is impossible to determine 
definitely whether the anemia or the 
liver disease appeared first. But Case 
W. R. demonstrates that the acute hem- 
olytic process may occur 15 months 
after the histological demonstration of 
cirrhosis and after the spleen has been 
removed. In one case (J.B.) it is prob- 
able that serum he patitis occurred as 
a pre-terminal event, but significant 
liver damage was present previously. 
In no other instance could liver disease 
be linked to a transfusion given for 
anemia. 

Types of liver disease re presented in 
the 8 cases consist of cirrhosis either 
histologically or grossly, or both, in 4, 


clinically compatible with coarse nodu- 
lar cirrhosis; and focal necrosis and 
hemosiderosis in 4, with the addition of 
“fibrosis” in 1 case. There was no his- 
tory of significant alcohol intake in any 
instance, and the possibility exists that 
all cases represented cirrhosis follow- 
ing chronic hepatitis. 
Coombs tests were performed in-3 
of the first 8 cases 
t+, 1 was weakly positive, and 1 
was negative. Red cells coated with a 
demonstrable antigen were therefore 


Three were +++ to 


often but not invariably present. It is 
of interest that of 4 cases with sphero- 
cvtosis, 3 had positive Coombs tests and 
all represent acquired 
hemolytic anemia! 

More than transfusions had been 
given to 4 of the first S cases prior to 
histological study of the liver. In these 
instances hepatic hemosiderosis may 
have been in part due to the blood 
administered. However, the duration of 
the disease was not that usually. re- 
quired for the development of exo- 
genous hemochromatosis'® due to 
transfusions, and in only 1 case (M.S. 
did the number of transfusions seem 
sufficient to induce this process. 

Marked hepatic enlargement was 
found in 7 of the first 8 cases and 
marked splenomegaly existed at one 
time or another in all S. Comparison 
of the 75% mortality in this group with 
the 15% figure for the remaining 13 
cases indicates that the severity of the 
liver disease appears to be outstanding 
in determining the prognosis. Six of 
the first S cases underwent splenec- 
tomy. The characteristic pathological 
report was congestion of the sinusoids 
and thickening of the septa, at times 
accompanied by hemosiderosis and 
foci of extramedull: ry hematopoiesis. 
In only 2 of the 6 cases that underwent 
splenectomy was there slight subse- 
quent decrease in the he ‘molysis, and 
in both of these it proved transient. 
Among the 13 milder and less definite 
cases, 6 additional. splenectomies were 
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done, and the only one appearing to 
have a_ really satisfactory response 
(C.E.W.) had but mild he ‘patic damage 
at the time of operation, and so far 
has had only a brief follow-up. The 
general failure of splenectomy in the 
group of patie nts with hemolytic ane- 
mia in association with liver disease 
is disappointing and is in contrast with 
the better results secured in acquired 
hemolytic anemia without liver disease. 
Speculation on the mechanism un- 
derlying the association of hemolytic 
anemia and severe liver disease has 
borne little fruit to date. It might be 
postulated that the liver may be dam- 
aged in such a way that its normal 
capacity to degr: ade or detoxify hem- 
olytic factors produced in the body 
may be impaired. Excessive hemolysis 
might then result, and its products, by 
placing a further load on hepatic func- 
tion, might aggravate the liver damage. 
Hoet'* and Heinle et al."' offer some 
experimental evidence in this regard. 
Hemolytic factors may be elaborated 
by the spleen and general reticulo-en- 
dothelial system, and with the hyper- 
trophy of these. tissues frequently as- 
sociated with liver disease, could well 
produced in excess. The generally 
lisappointing results of splenectomy, 
however, indicate that excess produc- 
tion of hemolysins by the spleen is not 
in important factor. It is equally pos- 
ible that some abnormal metabolite 
econdary to liver injury, acting as an 
ntigen, might cause the production of 
bnormal antibodies which were re- 
ponsible for red cell destruction. The 
vidence that cortisone inhibits anti- 
ody production as demonstrated by 
jorneboe et combined with 
‘© apparent response to cortisone in 
first case described, and the not 
frequent occurrence of a positive 
ombs test, suggest that an antigen- 
tibody reaction may be _ involved. 
rthermore, undetected low - grade 
molysis may occur regularly in asso- 


ciation with the B,.-resistant, macrocy- 
tic anemia of liver disease, and this 
series may merely represent the more 
severe, clinically apparent cases. This 
que stion is being subjecte d to expe ri- 
mental study. 

Summary. Eight cases of histologi- 
cally proven liver disease in association 
with marked hemolytic anemia occur- 
ring in a single hospit al during a span 
of 17 vears have been analyzed and 3 
cases described in detail. Thirteen ad- 
ditional instances of similar anemia 
with milder and less definite hepatic 
dysfunction have been tabulated. Com- 
parable cases have been secured from 
the literature. 

Six of the 8 severe cases underwent 
splenectomy, and in none was there a 
significant response, though in 2 there 
mav have been slight benefit. This is 
in sharp contrast to the more favorable 
results often obtained after splenec- 
tomy in acquired hemolytic anemia 
without liver disease. In one patient a 
remission of the anemia occurred on 2 
oceasions following the administration 


of cortisone. 


The most important prognostic fac- 
tor appears to be the severity of the 
liver disease, since 6 of the 8 deaths 
occurred among the 8 cases with the 
most marked hepatic disturbance. 

Gross and histopathologic study of 
the liver was possible in 13 cases. Of 
the 8 cases with most marked damage, 
the picture was that of cirrhosis in 4, 
and of focal necrosis with hemosidero- 
sis in the remainder. It is possible that 
all of these represented the sequelae 
of a chronic hepatitis of virus origin. 
In 3 instances, liver biopsy revealed 
a systemic disease (ly mphosarcoma, 
Boeck’s sarcoid, and Gaucher's disease ) 
so that the hemolytic anemia could be 
classified as symptomatic. 

Although the association of acquired 
hemolytic anemia and hepatic disease 
is stressed, no satisfactory explanation 
is available as to how one may predis- 
pose the patient to the other. 
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DisruRBANCES involving the temporo- 
mandibular articulation have long been 
known to exist, but are more frequently 
overlooked than recognized. Too many 
cases have been incorrectly diagnosed 
is atypical trigeminal neuralgia, avita- 
minosis, catarrhal otitis 
parotitis. 


media, and 
Untortunately, 
paranasal sinuses have been operated 
ipon, tvmpanic membranes have been 
ncised, and the trigeminal nerve 
branches injected with alcohol, all in 
‘vain attempt to relieve the symptoms 
f distress associated with the temporo- 
nandibular joint. 

Reisner'’, Bauer?, Costen*, Axhau- 
en', and have, through 
\tensive 


rie mi-specific 


investigation, 
ie Various 


pointed out 
mechanical and path- 
logical factors concerned in this very 
isturbing syndrome. 
In order fully to comprehend the 
ithology of the temporomandibular 
int it is essential to understand the 
mal articulation and occlusion. 

Anatomy. When considering symp- 
ns referable to this joint, one must 
ar in mind that it is very compli- 
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cated, being neither a true ginglymoid 
or hinge joint nor an arthrodial or 
gliding joint, but rather a combination 
of the two. As succinctly stated by 
Thoma', “it is capable of hingelike 
rotary motion, gliding anteroposterior 
motion and a slight amount of vertical 
motion; by alternate action of the hom- 
ologous joints it allows lateral motion. 
and by a combination of all these, cir- 
cumduction.” This compound joint is 
formed chiefly by the anterior root of 
the zygomatic process of the temporal 
(which forms the mandibular 
fossa) and the articular eminence 
above, and the condylar process of 
the mandible below, both separated 
by a cartilaginous meniscus or disc. 
This disc is molded between the 
two surfaces, thus compensating for 
the variation between the articulating 
surfaces of both bones. It thus divides 
the entire joint space into a menisco- 
temporal articulation above and a 
meniscocondylar articulation below, 
both of which are thoroughly enclosed 
by a completely investing capsule. The 
mandibular fossa and the articular 
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bone 
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tubercle are covered with a thin layer 
of cartilage to permit the easy move- 
ment of the meniscus. The primary 
structures that hold the jaw firmly 
within the joint cavity are the stvlo- 
mandibular, sphenomandibular, and 
the capsular or temporomandibular 
ligaments. 
There are two types of temporo- 
mandibular fossae, mainly emphasizing 
the depth of the joint cavity, and some- 
times referred to as the open and 
closed forms. The former is understand-, 
ably shallower than the latter and 
found mostly in individuals that em- 
phasize gliding movements of their 
jaws. The closed form is deeper and is 
seen more commonly in those individ- 
uals that emphasize the hinge function 
of the jaw. 
The cartilaginous meniscus of the 
temporomandibular articulation is a 
most important component in disturb- 
ances of this joint. The presence of 
teeth in both upper and lower jaws, 
especially the posterior ones, acts as a 
counterbalance for the joint, relieving 
pressure on the disc from the head of 
the condyle. The teeth, however, must 
be in a normal relationship from the 
standpoint of vertical dimension. When 
the teeth are in normal occlusion, the 
anterior surface of the upper part of 
the head of the condyle is in relation- 
ship with the posterior surface of the 
articular eminence. It is obvious, then, 
that disturbance of this relationship or 
loss of teeth may produce varying de- 
grees of pressure on the meniscus, even 
to the point of complete destruction. 
In a normal bite there is a definite 
convex curve of compensation at the 
plane of occlusion. When the occlusion 
reveals an edge-to-edge relationship of 
the anterior teeth, instead of the mild 
normal overbite, the occlusal plane be- 
comes straight and encourages lateral 
excursions more easily. These move- 
ments are primarily the function of the 
external pterygoid muscles. The upper 
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head of this muscle originates in the 
sphenoid and inserts in the head of the 
condyle at the margin of the disc. The 
lower head arises from the lateral 
pterygoid plate and is inserted in the 
neck of the condyle, rather than the 
head. Normally, the upper head draws 
the disc forward and initiates the glid- 
ing motion, while the lower portion 
rotates the head of the condyle. In the 
type of occlusion under discussion, the 
upper portion of the external pterygoid 
increases in size, because its function 
becomes primarily concerned with the 
lateral movements in a_ horizontal 
direction. 

In the extreme overbite the incisal 
edges of the lower teeth touch the 
lingual portion of the upper teeth or 
even the gingivae, and the compensat- 
ing curve is further disturbed. In this 
group the lower head of the external 
pterygoid muscle is predominant, be- 
cause it is chiefly concerned with the 
lateral movements in a vertical direc- 
tion, tilting the condylar head forward 
and producing firm compression on the 
meniscus. 

The elevators of the mandible in- 
clude the powerful masseter, temporal, 
and internal pterygoid muscles and the 
less powerful external pterygoid mus- 
cle. The depressors of the lower jaw 
include the digastric, platysma, genio- 
hyoid, geniohyoglossus, and mylohyoid 
muscles. With such powerful elevators 
of the jaw, it becomes obvious that 
the extent of closure must of necessity 
be limited by the teeth. Since most of 
the power of the masticatory muscles 
is applied posteriorly, it becomes 
obvious also that the posterior teeth 
are the site of chewing. With the loss 
of these teeth the mandibular joint 
assumes an increased amount of trauma 
and possible structural damage, even 
to the point of destruction of one or 
more of the component parts. 

Symptoms. Auditory disturbances 
are among the most common in the 
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temporomandibular syndrome. The ear 
svinptoms may be intermittent but 
sometimes are continuous and include 
impairment of hearing, dull or aching 
pain, tinnitus, and the stopped-up or 
stuffy sensation during mastication. 
Extraoral symptoms include vertical, 
occipital, or postauricular headaches, 
snapping, or clicking noise in front of 
the ear when opening or closing the 
mouth, burning sensation in the throat, 
and sometimes a drvness in the mouth. 
In the experience of the author the 
clicking or snapping noise and burning 
sensation in the mouth or throat are the 
two most frequent complaints, 
Headaches and pain are two of the 
most distressing symptoms. cases 
due to malocclusion the pressure of the 
condyle is applied too far posteriorly, 
ind the constant pounding of the 
condyle in this abnormal position pro 
duces a pressure atrophy in the 
terior part of the glenoid fossa and ; 
flattening of the posterior portion of 
the articulating surface of the head of 
the condyle. As the bone atrophy in 
the glenoid fossa increases, the au- 
riculotemporal nerve, which passes 
through the posterior part of the joint, 
becomes injured by the condylar head 
of the mandible with a resulting neu- 
ralgia. When the chorda tympani, 
which passes through the mesial edge 
of the joint, becomes irritated or in- 
ured, burning. persistent pain in the 
tongue is a most distressing complaint. 
Catarrhal otitis media associated 
with temporomandibular joint disturb- 
inces is usually due to compression of 
the eustachian tube. Tinnitus and 
ertigo as a rule are due to changes in 
iitratvmpanic pressure, producing a 
hange in the labyrinth. This is relieved 
Vv inflation. 
When the clicking 
oise occurs at the opening move- 
ient of the jaw, it is usually due 
» a thickening of the meniscus and 
ipaction of the dise during articular 


or 
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activity. When the clicking noise is 
heard midway between the conn and 
opened position, the disc is pushed 
forward because the condyle in the 
fossa is displaced upwards. 

When ear symptoms are produced 
by temporomandibular joint lesions, 
there is usually found a disturbance of 
the dental occlusion in its vertical 
dimensions. Correction of this relation- 
ship will very frequently cause a ces- 
sation of the ear difficulties. 

The occurrence of acute infectious 
or pyogenic arthritis is not very com- 
mon, but when it does occur, it must 
be dealt with properly, else the compli- 
cations that may result will end in 
facial deformities. This type of involve- 
ment is more commonly seen in chil- 
dren as a complication or sequel to 
one of the exanthemata, particularly 
scarlet fever, although it is not infre- 
quent in adults also. It has at times 
been incorrectly diagnosed as —_ 
parotid abscess, and hysteria, and ¢ 
other times has been totally jon 
At the onset the pi atient usually com- 
plains of severe pain in front of the ¢ ear 
radiating upward to the temple and 
downward to the angle of the 
mandible. There is also a very acute 
pain on opening or closing the mouth. 
If the condition is untreated, ankylosis 
may result, and if this occurs in child- 
hood, then there is lack of develop- 
ment of the mandible with its resulting 
typical deformity, sometimes referred 
to as “squirrel face.” Dental hygiene is 
neglected and teeth are lost. This latter 
adds to the maldevelopment or under- 
development of the mandible. Strangely 
enough, these patients manage to ob- 
tain sufficient nourishment for their 
needs. 

Roentgenograms are always taken 
with the mouth open and closed; the 
normal joint is taken for comparison 
with the involved joint. The findings 
vary in degree with the underlying 
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pathology but there is usually seen a 
narrowing of the joint space, a disturb- 
ance in the degree of excursion of the 
head of the condyle. 

Treatment. The treatment of the 
acute stage consists primarily in put- 
ting the jaw at rest, either by ortho- 
dontic appliances, intermaxillary, or by 
modified wiring of the jaw; the appli- 
cation of heat; salicvlates for pain; and 
one of the antibiotics in adequate 
ankvlosis results. 
it comes on gradually over a prolonged 
period of time. Much can be done be- 
tore the process becomes complete. 
Adhesions can broken up in the 
joint by means of the Ivy* 
using increasing 


dosage. howe ver, 


dilatoy, 
amount of pressure 
until adequate opening is 
and maintained. When, however. the 
process becomes fixed, then arthro- 
plasty is the procedure of choice. 

The chronic type of arthritis is more 
commonly seen in adults, and, although 
it may rarely be due to gout, rheuma- 
tism, or gonorrhea, the most frequent 
cause is chronic trauma. 


obtained 


his excel 
lent monograph on the basis of exten- 
sive microscopic investigation, Bauer? 
has classified all chronic non-infectious 
proliferative inflammatory changes in 
the temporomandibular joint as osteo- 
arthritis deformans. This is commonly 
due to a change in the normal vertical 
relationship of the dental occlusion, 
such as loss of teeth, or recurring luxa- 
tion or subluxation due to loss of 
tonicity of the articular ligaments. In 
such instances the head of the condyle 
leaves the glenoid fossa on opening 
the mouth and assumes a position 
beyond the articular eminence. As the 
mouth is closed, the powerful elevators 
of the jaw come into play and pound 
the head of the condyle with force 
against the remaining articular com- 
ponents. In addition to the chronic 
inflammatory changes, there is an 
internal derangement of the fibro- 
cartilaginous disc, with varying degrees 


1O0 PROGRESS OF MEDICAL SCIENCE 


of destruction. In these cases the most 


disturbing symptoms are pain in the 


joint region and a loud clicking noise 
heard in front of the ear. 


The treatment depends upon the 


amount of intra-articular damage. Con- 
servative measures, however, should be 
given a fair trial before any surgical 
procedures are instituted. It is advis- 
able to construct an orthodontic appli- 
ance consisting of two bands with lugs, 
in each quadrant; these bands are con- 
nected by a rod soldered to them and 
then the entire appliance is cemented 
to the teeth. Small intermaxillary rub- 
ber bands are applied in an attempt 
to limit the motion of the jaw. These 
rubber supplement — the 
weakened periarticular ligaments. With 
the traction applied it is obvious that 


bands also 


the head of the condvle is limited in its 
sphere of excursion, and consequently 
the amount of pounding is decreased. 
Physiotherapy in the form of heat and 
This tre at- 
ment should extend over a period of : 


massage daily is important. 


to 6 months. The Writer has seen many 
excellent results with this procedure. 
When, however, intra-articular damage 
has been bevond the means of such 
therapy, then meniscectomy must be 
considered. 

Turner and Clarke'> have described 
a most interesting clinical picture of 
temporomandibular arthropathy in 


serum sickness. Such cases are un- 


doubtedly frequently overlooked — or 
mistaken, in accident cases, for tetanus 
and its associated muscular trismus. 
Summary. 
joint may become involved in a svmp- 
tom comple x that is based 1) primarily 
on a disturbance of mechanical factors 
producing a definite entity 
of a traumatic nature, or 2 ) primarily 
on disease of an iianesieiens or bac- 
terial nature. An attempt is Ree to 
analyze the disturbance of the normal 
mechanical structure and construction 
of the joint and point out the manner 
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in which symptoms are produced. It 
is an established fact that variations 
from the normal functioning mecha- 
nism Tay produce most annoving and 
distressing symptoms. If the damage 
to the component parts of this joint 
have not progressed too far, then re- 


lief may be obtained by adjustment of 
the vertical dimension of the dental 
occlusion. When the lesion is of an 
inflammatory or bacterial nature, then 
the principles of treatment are the 
same as those applicable to similar 
lesions in other joints. 
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In 19438 Van Ordstrand and_ his 
described a 
pneumonitis in workers 
bervllium oxide from ore. This aroused 
a great deal of study of the hazards 
that may be incident to the extraction 
processing and handling of beryllium 
and its compounds. More recently, 
because of the wide use of fluorescent 


colleagues* chemical 


extracting 


lamps. there has been observed an in- 
creasing number of cutaneous lesions 
that have been traced to accidental 
implantation of beryllium compounds 
into wounds and cuts. Although pro- 
phylactic measures have reduced the 
dangers of systemic involvement, and 
the use of beryllium in fluorescent 
lights has been outlawed*®, the effects 
of beryllium preparations on man and 
animals are of great interest because 
of the light they may throw on the 
problem of sarcoidosis. In this presen- 
tation we propose to outline briefly the 
clinical syndrome produced by_berv!- 
lium compounds, to compare it with 
sarcoidosis, and to discuss the possible 
pathogenesis of the beryllium symp- 
toms. 
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SOME ASPECTS OF BERYLLIOSIS 


By Herman Beerxtan. MED. 
PENNSYLVANIA 


BeERYLLIUM AND [rs Users. Bervilium 
and its toxicology are fully discussed 
in the Leroy V. Gardner Memorial 
Volume on pneumoconiosis™ in Ham- 
ilton and Hardy's 
Morgis and Forbes*** review of the 


Toxicology 


literature and in the 1943 monograph 
of Hyslop and co-workers**. By 1948 
a certain amount of literature had al- 
ready been accumulated on “bervilium 
poisoning”, “berviliosis and “bervilium 
rickets. 

Bervllium is a rare metallic element 
that is found in nature chiefly as bervl. 
It contains 14% bervllium oxide. Its 
atomic weight is 9.02, and it belongs 
to the calcium, magnesium and barium 
group in the periodic svstem of ele 
ments. 

It is part of fatigue-resistant copper 
alloys as well as allovs of aluminum 
and nickel; as a phosphor in fluores- 
cent lamps and in certain Roentgen-ray 
apparatus (filters and beryllium glass 
tubes) and radio tubes. Its chief use- 
fulness however, is in the fatigue-re- 


sistant bervllium copper alloy. 
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Crumicat Aspecrs OF BERYLLIOSIS. 
Although evidence of beryllium effects 
of several types, including cutaneous, 
had been known for some time (see 
Hyslop et al’) it was not until 1943, 
Van Ordstrand* 
bervilium pneumonitis, 


described a 
that the basis 
of our present knowledge of the effects 
of bervilium on 


when 


human tissues was 
laid. Two types of — pneumonitis 
Dutra, with others, believes that they 
are merely phases of the same, incident 
to such differences as solubility ) have 
form, which 
associated with 
bervilium ore. 


been described: an acute 
in general has been 
the extraction of 


and chronic 


granulomatous form 
described by Hardy and Tabershaw** 
and by Higgins®?), which has been re- 
ferred to as miliarv sarcoidosis, chronic 
granulomatous pneumonitis, delaved 
beryllium 
This latter form has in gener- 
with fluorescent 
phosphors containing bervilium. Both 
not invariably as- 
particular bervllium 
compound, for the form of 
pneumonitis has been seen in individu- 


chemical pneumonitis, and 
sarcoid. 
il been associated 
forms. however, are 
sociated with a 


acute 


us in contact with beryllium phosphor 
ind the 


rved 


chronic type has been ob- 


subsequent to exposure to 
bervllium oxide. 
Although a number of authors have 


reported cases of pulmonary heryi- 
3 ..5.6.9.11.12.1 


64,68,74,75,76,77,.79,80,81 


an idea of the 
may be obtained from 
he report of De Nardi, Van Ordstrand 
nd Carmody", who reviewed 406 
ises of and pheumon- 
tis in an S-vear period, According to 
ese investigators, in the acute or ful- 
inating type, which is least common. 
ie symptoms may appear within a 
w hours or as late as 72 hours after 
posure to anhydrous beryllium sul- 
The patient complains of 
tightness of the 
iest, with substernal pain, severe ex- 


ite fumes. 


vasmodic  ¢ ‘ough, 
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ertional dyspnea and, in the severe 
cases, variable degrees of cyanosis. 
Physically the patient prese nts acro- 
cyanosis, sudden decrease in vital 
capacity of the lungs, and rales 
throughout the chest. Recovery — is 
rapid. In the chronic type, which fol- 
lows prolonged exposure to the fumes 
or dusts of such beryllium compounds 


as the sulfate, te trahydrate, fluoride 
and oxide, the symptoms may occur 
vears after exposure. The most fre- 


quent subjective complaints are dysp- 
nea on mild exertion, spasmodic cough 
aggravated by a supine position (spu- 
tum rarely blood streaked), substernal 
burning pressure or pain noted especi- 
ally on inspiration, general weakness 
and anorexia with weight loss, in 
amount depending on the duration of 
the disease before treatment. It might 
be noted pare ‘nthetically that Chesner® 
re-emphasizes the occurrence of chron- 

* pulmonary disease of high fatality 
in persons living in a community 
where beryllium is processed. 

The roentgenographically visible 
changes in the lungs are described bv 
Sosman and Wilson in the Hardy and 
Tabershaw_ report** as occurring in 3 
stages: 

“L) Stage of Granularity. This is the 
most distinctive stage and there is no 
other which even _ closely 
mimics the appearance of the lungs in 
this stage. Small, finely particulate 
granulations are seen diffuse ly through- 
out each lung field. These have the 
appearance of fine sandpaper; and 
when seen under a magnifving glass 
resemble a ‘sandstorm’. 

“2) Stage of Reticulation. In_ this 
stage a reticular pattern is superim- 
posed on the granular background. 
There may be slight fuzziness and en- 
largement of the hilar areas. 

“3) Stage of Nodulations. This is the 
phase which is most likely to be con- 
fused with other diseases; for this 
stage closely mimics sarcoidosis, car- 


disease 
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cinomatosis, ervthema nodosum and 
miliary tuberculosis. 

“In this stage there are distinct 
nodulations up to 5 millimeters in size 
which do not caleify, cavitate or 
coalesce and create the appearance of 
a ‘snowstorm’. The hilar areas may ap- 
pear even more fuzzy and prominent. 
Prominent cor pulmonale with right- 
sided cardiac enlargements may be 
noted in this stage.” 

Hardy also noted, in a later series**, 
emphysematous changes at the apices, 
frequent mid-zonal_ distribution of 
density, and 4 instances of spontaneous 
pneumothorax. Maitland and his co- 


workers” observe: 

“Although this is a convenient classi- 
fication. it has been noted that the most 
severe type of pulmonary crippling 
with extreme fibrosis, marked pulmo- 
nary hypertension with cor pulmonale 
and right-sided cardiac enlargement 
may occur with the chest film findings 
typical of the stage of reticulation. 
Conversely. individuals who have chest 
films typical of the stage of nodulations 
may be far less crippled. Consequently, 
the contour of the heart (cor pulmo- 
nale. right-sided enlargement ) is a good 
index of the degrees of pulmonale 
crippling present. Areas of compensa- 
tory emphysema may be noted in most 
cases. Spontaneous pneumothorax, 
however, is unusual.” 

The cutaneous lesions of bervlliosis 
have also been the subject of intensive 
Freiman2’ classified the cutaneous 
lesions that have been observed among 
those who come in contact with bervl- 
lium compounds as follows: 


1. Contact dermatitis. 

2. Skin ulcer. 

3. Lesions arising spontaneously in 
patients with the chronic type of 
lung disease (pulmonary granu- 
lomatosis ). 


Subcutaneous) granuloma occur- 
ring in persons who cut them- 
selves on fluorescent lamps. 


Contact dermatitis occurs in persons 
working with soluble salts of beryllium 
(bervllium fluoride or beryllium sul- 
fate): the ulcers result when crystals 
of soluble beryllium salts are embed- 
ded in the tissues; the granulomas of 
the skin in some patients suffering 
from chronic pulmonary berylliosis are 
similar in structure to the lung lesions. 

Fortunately, with the outlawing of 
the use of beryllium in fluorescent 
lamps, the fourth type of lesion, first 
described by Grier and his co-work- 
ers?®, should all but disappear. This 
type, which is in reality distinctive and 
which has the same pathologic  struc- 
ture as the pulmonary lesions also. 
brings up the question of the objective 
distinction of bervllium lesions from 
sarcoidosis. 

Other findings in various systems 
and organs have been described. Some 
of these will be mentioned in the com- 
parison of sarcoidosis with berylliosis. 

Numerous recent compilations on 
52.53.5861 ,63,65,75 
especially that of Freiman?? who also 
studied bervlliosis, vield much informa- 
tion on the clinical involvement by 
sarcoidosis which may be compared 
with those in berylliosis. Enlargement 
of Ivmph nodes has been observed in 
both —processes** The pulmonary 
findings produced by beryllium have 
been misdiagnosed as sarcoidosis. The 
heart is involved in both processes****; 
kidnev dysfunction has been observed 
in beryllium disease by Pyre and Oat- 
wav’, Roentgenograms or clinical ob- 
servations do not reveal the presence of 
osseous changes so characteristic of 
sarcoidosis, but Dutra and Largent'® 
have produced osteogenic sarcoma in 
rabbits by serial intravenous injections 
of beryllium oxide or a phosphor con- 
taining beryllium oxide. (Cf. Barnes 
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No apparent ocular or 
lacrimal or salivary gland involvement. 
such as is seen in sarcoidosis, has been 
reported in berylliosis, although acute 
nasal and pharyngeal and_ bronchial 
mucosal involvement does 
No outstanding gastrointestinal, en- 
docrine and nervous symptoms, such 


as may occasionally occur in. sarcoi- 
dosis, have been found in beryl- 
liosis. The blood findings are, however, 


Although there are 
no marked in the cytology of 
the blood disease (occa- 
sional 


of some interest. 


the chemical 
findings show changes somewhat simi- 
lar to those in sarcoidosis; in berylliosis 
there is sometimes slightly elevated 
blood globulin** (in sarcoidosis, the 
total serum protein is elevated but 
chiefly in the gamma globulin fraction 
and the A/G ratio is reversed): serum 
calcium is increased in both; serum 
alkaline phosphat ise is slightly elevat- 
ed in both*4; cholesterol values are 
normal, and serologic tests for syphilis 
are negative in both (except for so- 
called syphilitic sarcoidosist*!). The 
tuberculin test is negative in both®* 
but this as well as the Kveim test and 
the BCG test has not apparently been 
studied specifically beryllium  dis- 
Case, 

Both diseases may have a prolonged 
low-grade although 
fever is not a prominent feature of 
bervllium both diseases. 
pulmonary fibrosis may lead to fatal 
outcomes. 


chronic course, 


disease*, In 


In regard to the histologic picture, 
sarcoidosis is characterized by a 
monotonous uniformity’; it consists of 
tuberculoid accumulations of epithelial 
cells with only a thin, or no, mantle of 
lymphocytes. Within the epithelioid 
zone there may be an occasional Lang- 
hans’ giant cell. Necrosis and caseation 
are relatively minor. The tubercles are 
isolated in an alveolated arrangement 
by fibrous tissue bands. Healing is said 
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fibrosis. Inclusion bodies 
are of 3 type 1922.72. spiculate ‘d body or 
asteroid forms may occur in about 6% 
of cases of berylliosis but in 30% of 
cases of sarcoidosis?? The asteroid 
bodies, however, have been observed 
in a variety of granulomas, such as 
tuberculosis. leprosy, histoplasmosis. 
schistosomiasis, and lipoidal granuloma 
In the few tissues from  berylliosis 
we have studied, the features were 
similar to those of sarcoidosis. In fact. 
without clinical data, they 
diagnosed by ourselves and 


to occur by 


were so 
others. 


Dutra'’, who has described the micro- 
scopic features in cases of bervilium 
pneumonitis, gives data which — if 


closely followed, would serve to differ- 
entiate Boeck’s sarcoid from beryllium 
disease. In the chronic form the re 4 
tive infrequency of epithelioid cells i 

beryllium marked con- 
trast to the situation in sarcoidosis. On 
the other hand, without historv or dem- 
onstration of beryllium in the tissue. 
Dutra'? admits that biopsy of tissue 
from the skin reveals lesions that could 
be confused with caseous tuberculosis 
or Boeck’s sarcoid. As special differ- 
ential points, beryllium lesions are 
likely to contain caseous areas and 
large numbers of lymphocytes scattered 
throughout, especially in the periph- 
ery of the lesion. Vorwald and Pratt*®, 
in the Gardner memorial volume, pre- 
sent a convenient and detailed table 
on the pathologic features of 4 types 
of pulmonary disease: pulmonary 
granulomatosis in beryllium workers, 
Boeck’s sarcoid, silicosis and tubercu- 
losis. These authorities do not offer this 
differential table as conclusive, but 
subject to revision as their studies pro- 
gress. It is interesting in connection 
with our present discussion that Vor- 
wald and Pratt found sufficient charac- 
teristic features histopathologically to 
differentiate “somewhat similar but 
otherwise well defined conditions.” In 
the same volume Maitland illustrates 


disease is in 


| 


tissue specimens with the pathology 
“virtually indistinguishable from 
Boeck’s sarcoid.” Grier, Nash and Frei- 
man”? concede that the histology of 
bervilium granulomas may resemble 
those of cutaneous and subcutaneous 
sarcoidosis so closely that, in some in- 
stances, the diagnosis of bervlliosis mav 
be missed without a history of exposure 
or determination of beryllium in the 
tissue. He suggests that usually the 
beryllium lesions show foci of necrosis 
of a type not seen in sarcoidosis and 
the laminated inclusion bodies seem to 
occur more frequently in sarcoidosis. 
In addition to sarcoidosis, differential 
diagnosis of berylliosis must include 
other processes such as tuberculosili- 
cosis”*, miliary carcinomatosis, pneu- 
moconiosis, asbestosis™!, coccidioido- 
mycosis, and acute chemical pneu- 
monitis. 

The prophylaxis of bervilium disease 
represents a triumph of modern pre- 
ventive medicine. Under the able lead- 
ership of Dr. James G. Townsend, the 
Medical Ad\ isorv Committee on Bervl- 
lium has set up procedures for control 
against exposure within industry and 
in public life. The latter was effected 
by eliminating beryllium from fluores 
cent lights. The local cutaneous lesion 
responds to careful excision’’, For the 
constitutional type of involvement 
there is no specific treatment. BAL (2. 
3 dimercaptopropanol ), benadryl oral- 
ly and intravenously, aminophyllin, and 
cough remedies have produced vari- 
able grades of relief. Kennedy and his 
associates*! administered pituitary ad- 
renocorticotropic hormone (ACTH) to 
a single patient with apparent improve- 
ment, but the follow-up was rather 
short. According to De Nardi et al.'*. 
the most effective therapy at present 
depends upon early diagnosis and con- 
sists of prescribing minimal exertion so 
that the patient’s reserve is not im- 
paired. Because of decreased vital 
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capacity upper respiratory infections 
mav be serious. 

PATHOGENESIS. In view of the limited 
number of wavs in which a tissue (re 
ticuloendothelial system) may react, it 
is cause for wonder that the findings in 
sarcoidosis and berylliosis are as dis- 
Although in the 
case of bervlliosis, the specific agent 


similar as they are. 


producing the pathologic state is 
known, in sarcoidosis no one etiologic 
factor has been demonstrated in all 
cases; therefore, a pfiori, a multiple- 
factor background for this process must 
be postulated. In fact, some predispos- 
ing background is undoubtedly, present 
in individuals who acquire 
disease, for all who are exposed to this 
element do not develop the disease 
(hypersensitivity The “sarcoid” re 
sponse in tissues, which apparently 
may vary somewhat depending on the 
cause eliciting it, is a rather nonspe 
cific reaction. It may be- evoked by a 


variety of Causes: 
quartz"; trauma't-: site” of previous 
operation**; talcum”; lipins from 


tubercle bacilli; hav and colon bacilli®: 
phosphatides'!*; living or dead tuber 
cle bacilli#'; BCG antigen": Kveim 
antigen™; lepra bacilli?’ Leish 
maniasis'®; Treponema pallidum**! 
fungi, for example, Histoplasma cap 
sulatum, animal parasites and viruses 
various nonspecific substances, paraffin 
and other 


certain drugs 
such as iron, morphine and arsenic®**», 

The idea that the tissue changes 
labeled the so-called sarcoid reaction 
may be elicited by different antigens 
as wellas by chemically indifferent sub- 
stances was originally advanced by 
Volk who believed he had induced a 
sarcoid structure by means of intracu- 
taneous injection of India ink in a pa- 
tient with a nodose cutaneous sarcoid. 
an experience Schaumann and_ See- 
berg? could not confirm by the use of 
ink as well as paraffin injections in pa- 
tients with lupus vulgaris and sarcoid. 
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Although the previously mentioned sub- 
stances and organisms may produce a 
local lesion resembling sarcoid, we 
agree with Freiman** that since the 
other features of sarcoidosis have not 
been associated with the local lesions, 
there is no justification for considering 
these instances of sarcoidosis. The wide 
variety of agents capable of producing 
such a reaction indicates that they may 
all have a similar underlying mechan- 
ism. This may be the result of a single 
factor or a combination of factors. 

The simplest explanation for the 
production of the sarcoid reaction by 
certain of the noxae is that they may 
be regarded as a localizing agent for 
an infectious agent which, while gain- 
ing access to the focus at a later time. 
acts as the real and immediate patho- 
gen. If this theory had a proved basis 
it could explain the fact that only cer- 
tain exposed individuals develop beryl- 
lium disease. In the case of 
sarcoids Gruenfeld*® 
possibilities: 1) In some, but compara- 
tively few, patients “antibodies” to one 
of the silicates contained in industrial 
talcum eventually develop, and 2) the 
mineral deposits prevent the elimina- 
tion of bacterial or viral contaminants 
incident to the surgical exposure. 
Clinically perceptible — inflammations 
develop when the dormant organisms 
become virulent. 

On the basis of the wide variety of 
potential causes of the sarcoid  re- 
ponse, it is logical to assume that the 
mechanism underlying them is 
dentical. According to Harrell and 
Visher*®, Curtis and his group'*, and 
sabin™ phospholipids either introduced 
rom without or found at the local site 
iay be the common denominator. 
abin demonstrated that a pure epithe- 
oid cell response may be obtained by 
itracutaneously injecting guinea pigs 

ith phosphatides obtained from the 

bercle bacillus. She believed this re- 
sonse so typical that sarcoidosis could 


talcum 
proposes 2 other 


467 


be called a phosphatide disease. Fal- 
lon!® later confirmed this epithelioid 
response to phospholipids. Ray and 
Shipman” also showed that lipins ob- 
tained from the tubercle, hay or colon 
bacilli produced an_ epithelioid re- 
sponse when injected into the skin of 
guinea pigs. Anderson? found that the 
lipoid fractions of tubercle bacilli con- 
tained phosphorus and were phospha- 
tides. 

Hodge, in of Machle’s 
article in the Gardner memorial vol- 
ume on pneumoconiosis", postulates 
the need for study of a possible trigger 
mechanism in the production of bervyl- 
lium lesions. This concept is so similar 
to what is here proposed that his 
suggestion is quoted verbatim: 

“The final and seventh item. . 


discussion 


. is the 


study of the possibility of a trigger 
mechanism. This study would be a 


fundamental one based on the premise 
that there are probably only a limited 
number of reactions which the body is 
capable of undergoing. One would at- 
tempt to find out what reaction or re- 
actions it is that beryllium triggers. 
From the currently recognized re- 
sponses to beryllium. such as calling 
forth monocytes, fibrous infiltration, 
the necrosis in the presence of a high 
concentration of beryllium, some sug- 
gestions as to further experiments may 
be made. Are these, and other mani- 
festations perhaps now only partially 
recognized, the visible results of a 
fundamental derangement occasioned 
by bervllium?” 

As in the case of sarcoidosis, the 
actual mechanism of beryllium action 
is unknown. It is obvious that while 
there now exists no warrant for re- 
garding sarcoidosis and berylliosis as 
identical, the basic pathogenesis must 
be closely related. For the present, a 
terrain berylliosique similar to the 
terrain sarcoidique may be postulated 
to cover our ignorance of the actual 
process. 
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Thromboplastic Potency of Various 
Morphological Parts of Rabbit Brain. 
S. F. E. Kaptan, and D. R. 
MeRANZE (Research Dept., Mt. Sinai 
Hospital, Phila.). The thromboplastic 
potency of the gross morphological 
parts of rabbits’ deter- 
mined, using a modification of the 
Quick l-stage prothrombin determi- 
nation. Seven preparations of the ace- 
tone-insoluble residues representing 7 
dozens of brains were tested. The data 
indicated that the medulla, represent- 
ing about 12% by weight of such brain 
powde rs, clotted normal plasma signifi- 
cantly more slowly than the other 
brain parts (p<0.005). This effect was 
observed for different concentrations of 
saline extracts of the dried powders 
from 0.5 gm. pdr. per 10 cc. to 0.1 gm. 
per 10 ce. 
brum, cerebellum, corpora quadrage- 
mini, and cerebral peduncles) gave 


brains were 


The other brain parts ( cere- 


mean clotting times of 15 seconds for 
0.5 gm. per 10 ce. to 21 seconds for 0.1 
gm. per 10 cc. Medulla, on the other 
hand, gave mean clotting times of 21 
seconds to 33 seconds for comparable 
concentrations. Some practical results 
and theoretical implications of these 
findings are briefly discussed. 


Accelerating Effect of Pyromen in 
Contrast to Inhibitory Effect of Cor- 
tisone on the Arthus Phenomenon in 

Rabbits. Epwarp G. Stuart, M.A., 
(Dept. of Anatomy, School of Med., 
Univ. of Penna.). Twenty-four male 
albino rabbits of approximately 1.5 kg. 
weight were sensitized with crystalline 
hen’s egg albumin in daily intracutane- 
ous injections containing 0.5 mg./kg. 
of egg albumin nitrogen. Eight served 
as controls, 8 received 10 mg. of cortis- 

(470) 


one daily intramuscularly, and re- 
ceived 10 gamma of pyromen daily in- 
Treatment continued for 
35 davs, during which time precipitin 
tests for serum antibody were made on 


travenously. 


appropriate days. Seven cortisone-treat- 
ed animals showed no Arthus reactions, 
but 1 gave a positive reaction on the 
23rd and succeeding days of the exper- 
iment. The control animals showed 
their first Arthus reactions about the 
7th day. The reactions became pro- 
nounced about the 10th day and con- 
tinued to appear at intracutaneous in- 
jection sites throughout the experiment. 
The pyromen-treated rabbits showed 
the Arthus reactions initially on the 4th 
or 5th davs. The lesions passed rapidly 
through the usual course, markedly ex- 
ceeding those of the controls in respect 
to size, degree of inflammation, hemor- 
rhage, suppuration, and necrosis. Scab 
formation was rapid, but in most in- 
stances scabs were resorbed rather than 
sloughed off as in the controls. Precipitin 
titers, absent in nonreacting cortisone 
animals, appeared earlier in the pyro- 
men animals and were at least 50% 
higher than in the controls. These ef- 
fects of pyromen may be correlated 
with its known prope rty of stimulating 
the leukopoietic, phagocytic, and re- 
ticular elements of the body. (Aided 
by a grant from Baxter Laboratories, 
Inc. ) 


The Enzymatic Synthesis of Hypo- 
xanthine, Inosine, and Inosinic Acid 
from Glycine, Formic Acid, and 4- 
Amino, 5-imidazolecarboxamide. Mar- 
tin P. Ph.D., and Joun M. 
BucHANAN, Ph.D. (Dept. of Physiolog. 
Chem., Sch. of Med., Univ. of Penna. ). 
Incubation of radioactive-glycine and 
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formic acid with homo- 
and extracts of pigeon liver 
results in the formation of radioactive 
hypoxanthine, 2 moles of labeled for- 
mic acid participating for each mole of 
labeled glycine utilized. Radioactive-4- 
amino,5-imidazolecarboxamide — forms 
liypoxanthine in the same systems, re- 
acting approximately in equimolar pro- 
portions with form: ite to form hv po- 
xanthine. 

Studies have been carried out on the 
incorporation of labeled glycine and 
labeled carboxamide in homogenates to 
determine whether inosinic acid is an 
intermediate in the synthesis of hypo- 
xanthine and inosine from these two 
isotopic compounds, as has re- 
ported for formate (Greenberg, G. R., 
Fed. Proc. 9, 179 (1950) ). Thus, ino- 
sinic acid and hypoxanthine (or ino- 
sine ) were incubated with labeled sub- 
strates for short periods of time. If the 
hypoxanthine were formed from the 
carboxamide directly without prior in- 
volvement of ribose phosphate com- 
pounds, the isolated hypoxanthine or 
inosine should contain a greater con- 
centration of radioactivity than the ino- 
sinie acid. Such, was not the 
case. Under the conditions of the ex- 
periment, the specific activitv of the 
inosinic acid was 4 to 5 times greater 
than that of the inosine or hypoxan- 
thine, indicating that both the elements 
of ribose and phosphate are added to 
the carboxamide prior to ring closure 
with formic acid, suggesting the exist- 
ence of a ribotide of 4-amino.5-imid- 
azolecarboxamide as an intermediate in 
purine synthesis. Radioactive glycine is 
likewise incorporated into inosinic acid 
in greater concentrations than into 
hypoxanthine or inosine. 

When incubations are carried out in 
the presence of inosinic acid, the incor- 
poration of labeled formate and glycine 
do not take place in the proportions 
predicted from de novo synthesis, as 
nentioned above. Compared to glycine, 
in excessive amount of formate is in- 


radioactive 
genates 


however, 


corporated into the purine nucleus. 
Degradation of the inosinic acid iso- 
lated after incubation with radioactive 
formic acid showed that most of the 
radioactive carbon was present in the 
2 position of the purine base. This 
excessive incorporation of formate sug- 
gests an equilibrium reaction in which 
inosinic acid cleaves to formate and a 
carboxamide ribotide, which then re- 
acts with radioactive formate, yield- 
ing inosinate labeled in the 2 position. 

These two lines of evidence indicate 
that a ribotide of 4-amino.5-imidazole- 
carboxamide is an intermediate in 
hypoxanthine synthesis from the carb- 
oxamide and perhaps a key metabolite 
in the biological formation of purines 
from their more elementary precursors. 


Independent Biosynthesis of — the 
Chromoproteins — Cytochrome c in 
Various Tissues. Davip L. Drapkin, 


M.D., Ph.D. (Dept. of Physiol. Chem., 
Grad. School of Med., Univ. of Penna.). 
By means of isotopic glycine, radio- 
active glycine, it has been shown that 
this amino acid is an import int struc- 
tural precursor of the hemin (iron pro- 
toporphyrin IX) of hemoglobin (She- 
min, D., and Rittenberg. D., J. Biol. 
Chem., 166, 621, 1946). The same hemin 
is present in other physiologically im- 
portant chromoproteins as myoglobin 
and cytochrome c, but little decisive 
information — is available as to their 
biosvnthesis. In the case of evtochrome 
c, the problem is enormously compli- 
cated by the fact that. in contrast with 
hemoglobin, we have to deal with 
microquantities distributed in different 
amounts in practically all of the er 
tissues (Crandall, M., and Drabkin, I 
L.. J. Biol. Chem., 166, 653, 1946). 

The present report is on the compara- 
tive labeling of the cytochrome c of 
different tissues and of blood hemo- 
globin after the intraperitoneal admin- 
istration of radioactive glycine to intact 
rats (controls) and to rats during liver 
regeneration following excision of 68% 
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of the liver (Drabkin, D.L., ].Biol. 
Chem., 171, 395. 1947). The evtochrome 
© was isolated and determined by the 
method developed in our laboratory 
(Rosenthal, O.. and Drabkin, D.L.. 
]. Biol. Chem., 149, 437, 1943). For han- 
dling and purification, the isolated pig- 
ment was diluted 50- to 100-fold with 
pure non-radioactive cytochrome c 
The following radioactivities (counts 
were obtained for cyto- 
and for hemoglobin, H: 
Intact rats, liver C = 715, skeletal mus- 
cle C= 196, kidney C = 428, and blood 
H = 118; operated rats, liver C = 2850 
(at height of regeneration, 6 davs after 
partial hepatectomy), liver C= 1039 
(at 11 days after operation), skeletal 
muscle C =192, kidney C =474, heart 
C =47, and blood H=1S88. From the 
change in the activity of liver cyto- 
chrome c between the 6th and the 11th 
day after liver lobectomy, a provisional 


min./mg. 
chrome c, C, 


“turnover” rate of 12.7% per day tor 
this chromoprotein in liver which has 
undergone regeneration may be cal- 
culated. The 
hemoglobin is of the order of 0.S@ per 


normal “turnover of 
day. While “turnover” rates for the 
evtochrome c in other tissues cannot 
be deduced from the data, the relative 
amounts of incorporation of radioactive 
carbon suggest that the “turnovers” are 
characteristic of the tissues but low in 
skeletal muscle and particularly low in 
heart. 

The present 
that radioactive glycine participates in 
the biosynthesis of cytochrome c, as it 


findings demonstrate 


does in that of hemoglobin. The data 
permit the conclusion that cytochrome 
c is fabricated in situ in regenerating 
liver and support the tentative pro- 
posal that the biosynthesis of chromo- 
proteins is a general property of living. 
aerobic cells. 
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BOOK REVIEWS AND NOTICES 


Stupies ON Tumor Formation. By the late 
G. W. peP. Nicuotsox, Prof. of Pathology, 
Guy's Hospital. Pp. 637; 183 ills. London: 
Butterworth; St. Louis, Mo.: C. V. Mosby, 
1950 Price $15.00. 


Pius book is a reprint of the 20 ‘Tumour 
Studies in Guy’s Hospital Reports that estab- 
lished Professor Nicholson's reputation as a 
great pathologist who could write with clar- 
itv and an urbane pen. The: Reviewer cannot 
prove upon the words of Professor Willis 
liimself eminent in the field of cancer, who 
in the Foreword speaks of these studies as 
follows 

“Not only do they contain a wealth of 
original observations recorded with meticu- 
lous accuracy and beautifully illustrated by 
drawings trom Nicholson’s own hand. but 
they abound in cogent reminders that path- 
ology is a branch of biology, in devastating 
and amusing criticisms ot ill founded specu 
lations, and in apposite quotations from 
philosophy and the classies. 

“In a letter to Nicholson acknowledging 
i reprint of one of his Studies in 1934, Sir 
Arthur Keith wrote ‘there is science and 
poetry combined in it—to say nothing of 
philosophy’; and again, referring to a_par- 
ticularly clever play on words with which 
Nicholson scoffed at a piece of foolish specu- 
lation, ‘vou could match G.B.S. at his own 
game! He who seriously reads these Studies 
for the first time can be assured that, along 
with their abundance of reliable factual in- 
formation, he will find also much = that is 
uresting piquant and entertaining; Nichol- 
son was a great philosopher thought- 
provoker as well as a great biologist and 
pathological anatomist 

“The range of subjects is astonishing 

Fopics which are dealt with here more 
uthoritatively and with a stronger basis in 
general biology than in anv other writings 
include the general structure of tumours, 
ininor malformations, heterotopia of tissues, 
metaplasia, mixed tumours, and the teratomas. 
Here also are the best refutations of many 
false hypotheses, for example that of Cohn- 
heim on ‘cell rests’, of Grawitz on renal 
tumours, and of Wilms on teratomas. Here is 
pathology written by a man with an exten- 
sive knowledge keen appreciation of 
recent advances in experimental biology and 
embrvology—who knew the work of Roux, 
Dreisch, Spemann, D’Arcy Thompson, Child, 
ind. Needham as well as he knew that of 


his fellow pathologists. Here is pathology to 
read and read again and ponder over.” 

The Reviewer most sincerely subscribes 
to all of this. It should be added that an 
excellent index now makes the contents of 
the Studies more readily accessible. Here 
indeed is a book to read not only with profit 
but with enjoyment. 


PHerareuric By Grorce W 
Houmes, M.D., Clin. Prof. of Roentgenology 
Emeritus, Harvard Med. and 
rorp D. Scuunrz, M.D., Radiologist, Mass. 
Gen. Hosp., Instr. in Radiol., Harvard Med. 
Sch. Pp. 347; 121 ills., 10 in color. Phila. 
Lea & Febiger, 1950. Price, $7.50. 

Tue Authors, men of wide experience and 
reputation in radiology, state in their pretace 
that this book is not intended for reference or 
for the radiotherapist. It is aimed primarily 
for medical students and general physicians. 
For this audience, it is an admirable book. 
and fulfills its purpose perhaps better than 
anv other book on the subject. 

The first five chapters are specially worthy 
of commendation. The introductory chapter 
on the history of radiation therapy is most 
attractive, and a 30-page chapter covering 
the elements of radiation physics is both 
simple and adequate. | am unaware of any 
more compact and easily understood presen- 
tation of radiation physics. The biologic 
effects of roentgen rays and of treatment 
planning are also well presented. A chapter 
on the preparation and care ol patients 
undergoing radiotherapy is of paramount 
importance not only because it is well done. 
but because the problems and consequences 
of radiotherapy are only vaguely realized by 
most physicians. 

The details of treating the majority of 
disorders for which roentgen therapy is used 
in this country occupy the remainder of the 
book. One might differ in the choice of 
treatment plan and in the use of roentgen 
rays in an occasional disorder, but on the 
whole, the presentation — is 
realistic, and dependable. 

The numerous illustrations are of high 
quality, especially the color photographs of 
various degrees of the acute radiation reaction 
of the skin. 

If the subject of radiation therapy is to 
be represented by a single volume, this book 
is an acceptable choice. R. R. 
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conservative, 
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SCIENCE AND Farru. By Jeremian S. Fincu 
Ass't. Dean of the College, Princeton Univ. 
Pp. 319; 18 ills. New York: Henry Schu- 


man, 1950. Price, $3.50. 


Mucu has been written about this colorful 
character who still evokes more 
important century 
figures. Osler’s high regard for this ad pt 
in the bizarre—he always kept Religio Medici 
at his beside—should not be attributed in 
any large measure to William Osler’s fond- 
ness for the quaint and roundabout, which 
incidentally repels many readers in the hurry 
of modern life. More likely is it that. whik 
enjoying Browne’s whimsical stvle. Osler 
appreciated the man’s interest in ‘all human 
life and thought, his underlying perspicacity, 
his comprehension of the basic truths in the 
mass of chaff, his deep concern in the midst 
of a busy practice with scientific progress, 
ind his spirit of religious and poetical toler- 
ince. All this and more is well brought out 
in this volume, the most recent but by no 
means the most exhaustive on Browne and 
his works 


interest 
than many more 


The Author, who 15 vears ago had writ 
ten a Cornell dissertation on Browne’s mind. 
works, influence. matured 
thought with a stvle that is clea and, to 
the Reviewer. more interesting than that of 
his subject 


combines 


There may he 
repelled by the 


formidabl 


many who, 
original texts or the more 
compositions about Browne, will 
find profit and pleasure in this lighter pic- 
ture, admittedly dependent on the studies of 
many others, which, however, are fully listed 
in the chapter-by chapter bibliography — of 


sources E. K. 


THE ENzyMes. CHEMISTRY AND MECHANISM 
or Action. Edited by James B. SuMNER, 
Cornell Univ., and Kart Myrpicx. Bioke- 
miska Inst.. Stockholm. Vol. 1 Part 1. Pp 
724; illus. New York: Academic Press, 1950. 
Price, $13.50 


ENZYMOLOGY has become firmly established 
as an_ essential part of all the 


sciences, 


biological 
including medicine, and also of 
and physical chemistry. The great 
and rapid advances in enzymology during 
recent 


organk 


years have made a comprehensive 
survey imperative, and now this task is being 
accomplished through the collaboration of 
78 scientists of the United States. Europe, 
and Australia. The work will appear in 4 
parts. This Part 1 contains an Introduction 
by the eminent Editors in which they discuss 
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the terminology, the general properties, and 
the nature and role of enzymes. The next 7 
chapters deal with the physical chemistry of 
enzymes, their specificity, their relation to 
hormones, vitamins, and 
chemotherapeutic drug action, the cytochem- 
ical foundations of enzyme chemistry. enzvme 
adaptation and 


Venes, VITUSES, 


inhibition, and 
enzymes and immunology. These chapters 
and the Introduction will be of particular 
value to the physician or biologist who wishes 
to obtain a thoroughly modern presentation 


cnzVine 


of the more general aspects of enzymology. 

The rest of the book ( chapters 9 to 19) 
is concerned with various individual enzymes 
(such as the phosphatases, acetvlcholine, and 
esterase. Each chapter has its own extensive 
bibliography; for example, 348 references 
accompany the 9th chapter, and 345 the last 
An author-and-subject index will be included 
at the end of the 2nd and 4th parts of the 
treatise 

It mav be said with assurance that this 
work will prove an indispensable guide and 
source otf reference to many workers in all 
fields of biology, medicine, and chemistrv. 


B. L. 


THe Uninary Function or THE KIDNEY 
By A. V. Worr, Px.D., Assoc. Prof. of 
Physiology, Albany Med. Coll. Pp. 363; 49 
ills. New York: Grune & Stratton, 1950 
Price, $7.50. 


THIS splendid volume should be welcomed 
by innumerabl physiologists clinicians 
Its bibliography of 1189 references, covering 
all the significant contributions to the field of 
renal physiology, is itself of great value. 
The book is far more than merely a review, 
however. The material is presented in a 
critical manner and many questionable 
hallowed 
because of oft-repetition are dealt with in 
a deserved fashion. No special hypothesis, 


much less theory, of renal function. is pro- 


hypotheses which have become 


posed, but emphasis is placed upon a pattern 
of thinking which is in contrast to the 
classical concept. In this pattern of thought 
it is considered that the final aim of the 
kidneys is not to “clear” things, but rather 
that these organs are regulatory, and _ that 
“what the kidneys do represents the differ- 
ence between what must be done to maintain 
normal living states and what is being done 
to this end by all extrarenal activities”. Dif- 
fering contentions are treated side by side 
in a very impartial fashion, and in those 
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numerous instances in which the of 
evick nce Is provide . final 
refreshing humility is evi- 
dent. The clinician who has not had a great 
deal of training in the laboratory will find 
that the perusal of this book ‘requires a 
great deal of concentration, but the effort 
expended will be 


inadequate to 
answers, a very 


generously repaid by a 
very significant enhancement of his under- 
standing of — the involved in 


various types of dehydration 


mechanisms 
edema, in. the 
in renal regulations, in diuresis, and in the 
endocrine contribution to the 
urinary function 


control of 
as well as of other related 
subjects It is a book heartily to be recom- 
mended for wide use among physiologists, 


ind. clinicians 


ph ologists 


ADVANCES IN) INTERNAL 
Edited by Dock, M.D., 
Island Coll ot Med... and I. 
M.D.. Mount Sinai Hosp., 
Chic wo: Year Book, 1950 


Votume IV in the series of “Advances in 


Internal Medicine” 
| 


HOTISIVE 


Mepicine. Vol. IV 
Long 
SNAPPER 
N. Y. Pp. 549 
Price, S1LO.00. 


is composed ot compre- 
monographs, each written by a 
highly student of the subject 
issigned. The topies included are: Nitrogen 
Mustards in the Treatment of Neoplastic 
Disease Use of Radioactive Isotopes in 
Medicine Brucellosis; Advances in the 
Neuromuscular Disorders; Use of Sodium 
Depletion in Therapy; Clinical Use of Anti- 
oagulants Hepatitis and Cirrhosis of the 
Hepatic rests; and The 
Physiology of Hypertension. 


qu ilified 


Liver Vascular 
There is a cumulative index which inte- 
rates the subject matter of this volume with 
he preceding three volumes. This book will 
he welcomed by those internists who are 
aintaining this series of publications and 
hy those who are interested in a complete 
iscussion of the subjects listed. 3 L. 


ACTERIAL, CHEM- 
IMAtUNOLOGICAL Aspects. By 
\farTin Burcer, Formerly Organic Chemist 
Bureau of Laboratories, New York. Pp. 273. 
Springfield, Tll.: Charles C Thomas, 1950. 
Price, $6.00 
Burcer offers in this book a_ technical, 
n-critical consideration of bacterial poly- 
echarides. The subject matter is developed 
ng historical lines for each of the numer- 
polysaccharides reviewed. The data pre- 
nted are conveniently arranged, with a 
parate chapter allotted to each genus or 
cies of bacteria which have been studied 


ICAI AND 


for the presence of immunologically active 
carbohydrates. Polysaccharide isolation, chem- 
ical properties, ‘and immunological be- 
havior, are presented with considerable detail 
in the well-documented text. An appendix 
includes procedures for the chemical separa- 
tion and purification of these substances in 
the form of extracts of pertinent articles pub- 
lished by investigators in this field. 

As the author mentions in the introduc- 
tion, this book represents a compilation of 
data and only that. Immunologists and_bio- 
chemists may find useful reference material 


here. ]. F. 
Mepicat Crumics or NorrHo AMERICA: 
ON ADVANCES IN 


Mepicine. Chicago Number. Pp. 1-298. 
Phila.: W. B. Saunders, Jan., 1951. Price. 
$15.00 a vear. 

Tuts issue contains 20 papers which dis- 
cuss a variety of subjects, including steroid 
therapy of arthritis, the use of radioactive 
iodine in diseases of the thyroid, hormones 
to control metastatic lesions from carcinoma 
of the breast, the management of lymphomas, 
treatment of syphilis, chemotherapy of tuber- 
culosis, the diagnosis and therapy of multiple 
mveloma, chemotherapy in vuleerative colitis, 
and other clinical problems. The Authors 
present what thev believe to be the best 
method for handling these problems. Al- 
though differences of opinion may exist, the 
practicing physician will not be subject to 
criticism if he adheres to the advice con- 


tained in these articles. 


MANAGEMENT OF  PERIPHERAI ARTERIAI 
Diseases. By S. Samuerts, M.D., 
Stuvvesant Polyclinic Hosp., New York. Pp. 
345: 112 ills. New York: Oxford Univ. 
Press, 1950. Price, $7.50 
Tue thesis of this book is conservatism in 

the surgical approach to peripheral arterial 
diseases, particularly as concerns the indica- 
tions for amputation. There are many case 
summaries and excellent illustrations demon- 
strating what can be accomplished by con- 
servative therapy in extremities which appear 
to be hopelessly involved. The Author's 
record of treating over 1000 cases of throm- 
boangiitis obliterans with only four major 
amputations is an enviable one. 

Other workers in the field do not share Dr. 
Samuels’ enthusiasm for oscillometry as a 
precise diagnostic and prognostic aid, nor 
have they had his success in the treatment 
of occlusive vascular disease with hypertonic 
saline solutions. The statement that it is a 
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good policy to allow patients with auricular 
fibrillation considerable leeway with irreg 
ularitv rather than to hasten return to normal 
rhvthm by digitalis because of the danger of 
embolization — is digitalis 
rarely re-establishes normal rhythm. It is not 
understood why a chapter appears on throm- 


inaccurate, since 


bosis of the axillary vein since other 


diseases of the venous svstem are discussed 
Differential diagnostic 
the value of the book. 

Despite 


tuins much of practical value, 


tables would enhance 


book  con- 
it reflects 

a vast personal experience in the handling of 

peripheral arterial diseases 


this 


these criticisms, 


PRINCIPLES OF INTERNAL MeEbiIcine. Editor- 
in-Chief: T. R. Harrison, Prof. of 
Medicine, Southwestern Med. School of 


Univ. of Texas, Dallas. Editors: P. B 
Beeson, M.D., W. H. Resnick, M.D., G. W. 
Prorn, M.D., and M. M. Wintrrospe, M.D 
Pp. 1590; 245 ills: 4 color plates Philadel- 
phia: The Blakiston Co., 1950. Price, $12. 
Tuts 


new textbook of Internal Medicin 
presents many departures from the time- 
honored medical text format. It is quite 


evident from a perusal of the volume, how- 
ever, that these departures provide the  stu- 
dent and physician with a highly practical 
presentation of the field of Internal Medicine 
An attempt has been made to integrate the 
pertinent content of the preclinical sciences 
with clinical medicine, and to approach the 
subject not only from the standpoint of dis- 
orders of structure, but also by wav of ab- 
normal physiology, chemistry, and disturbed 
psychology, an approach in keeping with 


modern trends in medical education. Fiftv- 
three authors, including the five editors, 
have contributed to the volume. After an 


introduction dealing with the approach to 
the patient 274 pages are devoted to a con- 
cise, pithy presentation of the cardinal mani- 
festations of disease. This should prove to be 
one oft the very popular features of the book 
since it is the approach to disease which 
simulates the sequence of thought processes 
demanded by everyday medical practice. 
Physiologic Considerations are dealt with in 
Part II, and in this considered 
Inheritance and Aging, Principles of Neo- 
plasia, Fluid and Electrolyte Balance, Inter- 
mediary Metabolism, Electrophysiology, and 
Normal Emotional Development. Part III 
covers Reactions to Stress and to Antigenic 
Substances, and Part IV, Metabolic and En- 
docrine Disorders. The inclusion of Nonsur- 
gical Disorders of Bone and Muscle in the 


section are 
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metabolic section is a departure from custom 
which is justified by recent advances in the 
understanding of these diseases. Part V deals 


with Disorders due to Chemical and Physical 


Agents, and Part VI with Diseases due to 
Biologic Agents. The last section of the book, 
Part VII, is devoted to Diseases of Organ 
Svstems ( Hematopoietic, Cardiovascular 
Urinary, Respiratory, Alimentary, Hepatic 
and Biliarv, and Nervous 


Throughout the book, the editors have been 
very successful in avoiding needless repeti 
treated 
tabulation, 
The illustrations 
and the 
carefully 


tion. Rare disorders have been sum 


marily by a few lines or by 
have been omitted entirely 
diagrams are well 


limited to a few 


and chosen, 
bibliography is 
selec ted references, 1n¢ luding espec ially some 
very. recent publications reviews, and mono 
graphs which contain in themselves extensive 
that this 


will be welcomed by students and physicians 


references. It is apparent volume 
as one which provides thorough familiarits 
with common disorders plus an understand 


Ing ot basic principles | D 


Lire Stress AND Bopity Disease. Proceed 
ings of the Association for Research in Nert 
ous and Mental Diseases, Vol. 29. Edited by 


Harotp G. Wourr, M.D... Srewarr G 


Wo r, M.D., Crarnence C. Hare, M.D 
Pp. 1135; 545 ills.; 2 color plates. Baltimore 
Williams & Wilkins Co., 1950. Price, $15.00 


THis volume consists of 69 papers by dif- 
ferent authors on various aspects of stress and 
the human bedvy’s reaction to it. These papers 
were presented at a meeting of the Associa 
tion in December, 1949 


with 


Phe V are conce rned 


mechanisms involved reactions to 
stress; the problem of specificity in bodily 
reactions during stress; disorders of growth 
development and metabolism in relation to 

body in 
relation to stress. The final chapter, entitled 
“Life Stress and Bodily Disease—a 


tion”. is by Dr. Harold G. Wolff. 


stress: and various svstems of the 
Formula- 


WE, 


AND AP 
Wyckorr. Pp. 


ELecTRON Microscopy: TECHNIQUI 
PLICATIONS. By RALPpH W. G 
248; 202 ills.; New York 

1949, Price, 

Tris book is essentially 


Interscience Pub- 
$5.00 


an electron micro- 


lishers, Inc 


Its primary pre- 
occupation is with instrumentation, technical 
procedure, and the myriad areas of applica- 
tion in the visualization of ultramicroscopic 


structure. The illustrations are rich, varied, 


technically superb; they are undoubtedly the 
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finest collection of pictures that have thus far 
heen published to exhibit the applications of 
The book is a highly 
individualized account of the wide experience 
of the author and his laboratory. As such it 
has the freshness and authenticity of person- 
al experience; it 


electron mic roscopy. 


suffers for the same reason 
from the limitations of the author’s personal 
preference and from very inadequate assimila- 
tion and presentation of the work of other 
investigators of the biophysics and biochemis- 
try of ultra-structure 
Successive chapters describe electron mi- 
their adjustment and 
operation; preparative procedures for a) par- 


croscopes themselves: 


ticle suspensions b) thin sections, ¢) mem- 
branes and surface films, d) surface replicas, 
e) positive replicas, and {) atomic replicas: 
metal shadowing and the visualization of very 
small objects; the use of surface replicas; the 
electron MCTOSCOPS ot particle suspensions 
including bacteria and _ rickettsiae; the elec 
tron microscopy of viruses; the photography 
of macromolecules; and the structure of mac- 
romolecular solids. The bibliography is com- 
prehensive and Is organized under topics so 
as to be readily usable. 

Phose interested in exploration of the fine- 
scale physical constitution of living matter. 
ind of non-living matter as well, will find 
Dr. Wyckoff's book exciting and challenging 
with a wide outlook to the future. 


S. M. 


reading 


AN INrropuction To Patrnotocy. By G 
Payuinc Wricur, M.D. Pp. 569; 231. ills. 
New York: 1950. 
$6.00. 


Longmans, Green, Price. 

luis book deals with the mechanisms that 
underlie disease processes; more specifically, 
it deals with diseases and abnor- 
malities, with various aspects of infection, the 
inflammatory reaction, reparative processes 
and local disturbances of the 
circulation such as thrombosis, embolism, in- 


causes of 


regeneration, 


farction, hemorrhage, and edema, with adap- 
tations to functional requirements, with neo- 
plasia, and with other subjects ip the field 
conventionally known as general pathology. 
“A student beginning the study of medicine 
today is entering it at a period of unparalleled 
progress.” It is all the more important, 
therefore, to give him a sound training in gen- 
eral principles, so that later he may be able 
to apply them in his study of the diseases and 
abnormalities of the various organs. This is 
the aim of the book. 

It is written from a modern point of view: 
Emphasis is placed on the causation of dis- 
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case, on pathogenesis, and on the functional 
disturbances that go hand in hand with struc- 
tural changes. “Neither morbid anatomy nor 
morbid can be satisfactorily 
studied alone; it is only when the two are 
brought into relation to one another that their 
full significance becomes apparent.” 

The Reviewer has read this book with in- 
terest and with pleasure. It is well written 
and well printed; the illustrations and the 
index are good: the well chosen references are 
a guide to further reading. It can be warmly 
recommended, not only to medical students 
but also to physicians and to the increasingly 
large group of workers in the various medical 
sciences who wish to gain an insight into the 
principles of pathology. B.L. 


phi siology 


Orrnortrics Procepure. By 
O.D.. Mass. School of Optome- 
trv. Pp. 393; 70 ills. St. Louis: C. V. Mosby. 
1950. Price, $8.00. 


Tuts book is written by an optometrist with 
the expressed belief that orthoptics alone can 
cure many of the functional defects of sight. 
and ocular and binocular apparatus in gener- 
al. The book is dangerous in that if accepted 
by those without critical judgment it will ex- 
pose many patients to unnecessary and fre- 
quently ill-advised eve exercises. 

In the first chapter, the author states, “The 
treatment procedure by orthoptics is sO sim- 
plified that a child of 2 vears may benefit. As 
i matter of fact. it could be stated safely that 
the younger the age at which orthoptic treat- 
ment is started, the more promising may be 
the results.” 

It is works like this which have hurt or- 
thoptics seriously. F. A. 


Cuartes AUTOBIOGRAPHY WITH 
His Nores anp Lecrures DEPICTING THE 
OF THE OF Spectres, and an 
Introductory Essay, The Meaning of Darwin, 
By Grorcre GayLorp Simpson. Edited by 
Sim Francis Darwin. Pp. 266; 1 ill. New 
York: Henry Schuman, 1950. Price, $3.50. 
Darwin's great contribution to the theory 

of evolution has survived the many attacks 
upon it, renewed during the first quarter of 

this century, and is now secure as “one of 
the most significant discoveries in the history 
of man.” Though his Autobiography and his 

Life and Letters had been published in 3 
volumes by his son in 1888, the story has 

needed retelling in more compact and up-to- 
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date form. This has now been done, prefaced 
by 11 authoritative and explanatory pages, so 
that a satisfying and attractive picture evolves 
of this shrinking but persevering worker with 
« boundless drive to learn in spite of lifelong 
bouts with a painful illness, this modest but 
unvielding rejector of authoritarianism. Work- 
ing before the science of genetics had come 
into being and when archeology was in its 
infancy, he nevertheless discovered the most 
important single causative factor in evolution 
It should not be forgotten that his most im 
portant work bore the title, “On the Origin 
ot Species by Means of Natural Selection” 

Scientists, no matter in what field they may 
be engaged, have much to learn trom. this 
patient student who worked for 20° years 
developing and checking on his theory, be 
fore publishing. A man of complete intelle 
tual honestv, he alwavs sought for the truth 
rather than tor support of his theories and 
welcomed, even sought out, criticism from his 
colleagues. The undeserved abuse heaped 
upon him he received undisturbed and with 
out rancor. His abhorrence of superiority “and 
his generosity in attributing credit to others’ 
give further support to the epithet “A Saint 
in Science 

This volume is unquestionably one of th 
best in the valuable Life of Science Library 
series. E. K. 


NEW BOOKS 


Child) Psychiatry in the Community. By 
Haro_p A. GREENBERG, M.D., Senior Stafl 
Psychiatrist, Inst. for Juv. Res., Chicago 
JULIAN H. PATHMAN, HELEN A. SuTTON 
R.N., and Marjorie M. Browne, M.A., Pp 
296. New York: G. P. Putnam’s Sons, 1950 
Price, $3.50 

THis book outlines present-day thinking as 
developed through experience in a large clinic 
which was one of the pioneers in child psychiatry 
It is designed for teachers, nurses, and others who 
have children in their care and aims to acquaint 
the members of these professions with the inne 
workings of a child guidance clinic and to illus- 
trate with cases and examples the types of prob 


lems seen and the methods used in treatment 


Emotions and Clinical Medicine. By STANLEY 
Coss, M.D., Bullard Prof. of Neuropathol 
Harvard Med. School. Pp. 243: 19 figs 
New York: W. W. Norton & Co., 1950 
Price, $3.00. 

Iuts book brings together the new knowledge 
concerning emotions, the brain, and the body 
Anatomy of the brain and emotional and _ social 
psychiatry are considered. It reflects the great 
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umount of thought that the scholarly author ha 
given to these matters and has reater value as 
a contribution to theoretical psychiatric literaturs 
than as a book with practical clinical applications 


\ Guipe ro) Books with a 
Suge sted Basic Reading List. The Men 
ninger Clinic Monograph Series No. 7. By 
Kart A. MENNINGER, M.D.. Gen. Dit 
Dept. of Education, Menninger Founda., 
and Grorce Devereux, Ph.D., Lecturer 
in Anthropology, Phe Menninger School ot 
Psvchiatrv and Topeka Institute for Psy 
choanalvysis Pp. 148. New York: Grune & 
Stratton, 1950. Price $3.50 


guide book consist part rhe first 
entitled “A Guide to Psvchiatric Book com 
posed of a list of 1193 books relating to I chiatrs 
ind related field Part 2 ntithed S ted 
Ba Psychiatric Reading List consist { list 
tf &8Y t k +} 1 
which micht wid n per } 
reading tor all psychiatric 1 t 


Your Prostate Gland—Letters from a Surgeon 


to his Father. By Reep M. Nessrr, Prot 
of Surgery, University of Mich. Med 
School: Chief, Sect. on Urol., Univ Hosp 
Ann Arbor, Mich. Pp. 50; 6 ills. Spring 
field, Ill: Charles C Thomas, 1950. Price 
82.00 


brief book, written for the la 

mpl but « npetent thon f both ben 
ind) malignant prostatism t symptomat 
pathology, diagnos in treatment The author 
vho heads one of th iu t transurethra reese. 
tion center n tl ‘ it idmiral partia 
n discussing closed and pen rgeryv a ethod 
of treatment This } \ ecommended a read 
ng material for the patient wl 1 candidate tor 
prostatre urgery hk. 


Advances in Carbohydrate Chemistry. Vol. V 
Edited by Craupe S. Hupsox, National 
Institutes of Health, Bethesda, Md., and 
Sipney M. Cantor, American Sugar Re 
fining Company Philadelphia, Pa Pp. 322 


New York Academic Press, 1950. Price, 
$6.80. 


Pus fifth annual volume of reviews of selected 
topics in CHO chemistry maintains the excellent 
character of previous issues Ten topic ire re 
viewed: applications in the Carbohydrate Field of 
Reductive Desulfurization | Raney Nickel; En- 
zymes Acting on Pectic Substances The Relative 
Crystallinity of Celluloses The Commercial Pro 
duction of Crystalline Dextrose; The Methyl Ether 
of D-Glucose; Anhydrides of the Pentitols and 
Hexitols; and Xvlan. Of more strictly biochemical 
interest are the reviews by W. Z. Hassid and M 
Doudoroff: Enzymatic Synthesis of Sucrose and 
Other Disaccharides; A. Gottschalk Principles 
Underlying Enzyme Specificity in the Domain of 
Carbohydrates; and M L. Caldwell ind M 
Adams: Action of Certain Alpha Amylases 

H.V 
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